Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


i,'7T^(i.ae\ 


THE 


ELEMENTS    OF    EMBRYOLOGY. 


^^m 


THE 

'ELEMENTS  OF  EMBEYOLOGY 


ri 


BT 


M.  FOSTER,  M.A.,  M.D.,  LLD..  F.R.S., 

TBovmaaoiToF  phtsioloot  in  ths  umivbbsitt  or  cambbidob, 

7KLL0W  or  TBINITY  OOLLBOX,   OAJfBBlDOX, 


AND   THB  LiZS 


FRANCIS  M.  BALFOUE,  M.A.,  LL.D.,  F.R.S, 

YELLOW  or  TBINITT  OOLLBOB,  OAXBBZDGB, 
AND   PB0FE880B  OV  ANIMAL  MOBPHOLOOT  Dff  THB  UNrrEBSITT. 


SECOND  EDITION  REVISED. 


EDITED  BY 
ADAM   SEDGWICK,  M.A., 

FSLLOW   AND  ASSISTANT  LEOTUBEB  OP  TBINITT   OOLLEOB,    CAMBBIDOE, 

AND 


WALTER  HEAPE, 


DEMONSTBATOB  IN    THB  MOBPHOLOOICAL  LABOBATOBY   OP  THB   UNIYKB8ITY 

OP  CAMBBIDGB. 


ILonbon : 

MACMILLAN     AND  .  CO. 

1883 

[The  Right  of  Translation  it  rcservtd.\ 


HARVARD  COLU^c  UdRART 

BEQUEST  OF 

WILLIAM  HcHICHAEL  WOODWORTH 

FEB.  le,  ISIS. 


SamfriOijit: 


A1  THB  VBlTXBBtTt  FBEflf. 


PREFACE  TO  THE  SECOND   EDITION. 


When  this  little  work  first  appeared,  it  was  put  for- 
ward as  a  Part  I,  to  be  followed  by  other  Parts,  That 
plan  was  however  soon  abandoned.  Nevertheless  the 
volume  seemed  to  have  a  place  of  its  own;  and  my  dear 
lost  fnend  undertook  to  prepare  a  second  edition,  in- 
tending to  add  some  account  of  the  development  of 
the  Mammal  with  a  view  of  making  the  work  an 
elementary  introduction  to  vertebrate  embryology  more 
particularly  suited  for  medical  students.  He  was  occu- 
pied with  the  task  at  the  time  of  his  sad  death;  and 
indeed  a  melancholy  interest  is  attached  to  some  of  the 
sheets,  by  the  fact  that  he  had  taken  them  to  Switzer- 
land with  him,  on  that  fatal  journey. 

All  the  first  part  up  to  p.  160  he  had  passed  for 
press ;  and  he  had  further  revised  up  to  about  p.  202. 
The  whole  of  the  rest  of  the  volume  has  been  under- 


taken  by  Mr  Adam  Sedgwick  and  Mr  Walter  Heape. 
They  have  attempted  to  cany  out  aa  far  as  possible 
what  we  believe  to  have  been  Balfour's  views,  and 
trust  that  the  public  will  judge  leniently  of  their 
efforts  to  perform  a  difficult  task.  I  have  myself  been 
able  to  do  no  more  than  offer  general  advice  &om  time 
to  time;  and  though  it  has  not  been  thought  advisable 
to  change  the  title,  the  merits  aa  well  as  the  responsi- 
bilities of  the  latter  part  of  the  work  must  rest  with 
them. 


M.  FOSTER. 


March,  1BS8. 
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PART  I. 


THE  HISTORY  OF  THE  CHICK. 


CHAPTER  I. 

THE  STRUCTURE  OF  THE  HEN'S  EGG,  AND  THE  CHANGES 
WHICH  TAKE  PLACE  UP  TO  THE  BEGINNING  OF  IN- 
CUBATION. 

.  In  a  hen's  egg  quite  newly  laid  we  meet  with  the 
following  structures.  Most  external  is  the  shell  (Fig. 
1,  «.),  composed  of  an  organic  basis,  impregnated  with 
calcic  salts.  It  is  suflSciently  porous  to  allow  of  the 
interchange  of  gases  between  its  interior  and  the  exter- 
nal air,  and  thus  the  chemical  processes  of  respiration, 
feeble  at  first,  but  gradually  increasing  in  intensity,  are 
carried  on  during  the  whole  period  of  incubation. 

It  is  formed  of  two  layers,  both  of  which  may  contain 
pigment  The  inner  layer  is  by  far  the  thickest,  and  is 
perforated  by  vertical  canals  which  open  freely  on  its 
inner  aspect.  Superficially  these  canals  appear  to  be 
closed  by  the  extremely  thin  outer  layer.  They  are 
probably  of  some  importance  in  facilitating  the  pene- 
tration of  air  through  the  shell. 

Lining  the  shell,  is  the  shell-meTribrane,  which  is 
double,  being  made  up  of  two  layers :  an  outer  thicker 
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(Fig.  1,  a.  m.),  and  aa  inner  thinner  one  {».  a.  m.).  Both 
of  these  layers  consist  of  several  laminse  of  felted  fibres 
of  various  sizes,  intermediate  in  nature  between  connec- 
tive and  elastic  fibres. 

Pio.  1. 
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Over  the  greater  part  of  the  egg  the  two  layers  of 
the  shell-membrane  remam  permanently  in  close  appo- 
sition ;  but  at  the  broad  end  they  tend  to  separate,  and 
thus  to  develope  between  them  a  space  into  which  air 
finds  its  way.  This  air-chamber,  as  it  is  called,  is  not 
to  be  found  in  perfectly  fresh  eggs,  but  makes  its 
appearance  in  eggs  which  have  been  kept  for  some 
time,  whether  incubated  or  not,  and  gradually  increases 
in  size,  as  the  white  of  the  egg  shrinks  in  bulk  from 
evaporation. 

Immediately  beneath  the  shell-membrane  is  the 
white  of  the  egg  or  albumen  (Fig.  1,  w),  which  is,  chemi- 
cally speaking,  a  mixture  of  various  forms  of  proteid 
material,  with  fatty,  extractive,  and  saline  bodies.  The 
outer  part  of  the  white,  especially  in  eggs  which  are  not 
perfectly  fresh,  is  more  fluid  than  that  nearer  the  yolk. 

Its  average  composition  may  be  taken  as 

120  p.  c.  proteid  matter, 
1*5  p.  c.  iaX  and  extractives, 
5  p.  c.  saline  matter,  chiefly  sodic  and  potassic  chlorides, 
with  phosphates  and  sulphates, 
86*0  p.  c.  water. 

The  white  of  the  egg  when  boiled  shews  in  section  alter- 
nate concentric  layers  of  a  transparent  and  of  a  finely  granular 
opaque  material  In  the  natural  condition,  the  layers  corre- 
sponding to  these  opaque  layers  are  composed  of  more  fluid 
albumen,  while  those  corresponding  to  the  transparent  layers 
are  lees  fluid,  and  consist  of  networks  of  fibres,  containing  fluid 
in  their  meshes.  The  innermost  layer,  however,  immediately 
surrounding  the  yolk  (Fig.  1,  x.\  is  of  the  more  fluid  finely 
granular  kind. 

In  eggs  which  have  been  hardened  a  spiral  arrange- 
ment of  the  white  may  be  observed,  and  it  is  possible  to 
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tear  off  lammse  in  a  spiral  direction  from  left  to  right, 
from  the  broad  to  the  narrow  end  of  the  e^. 

Two  twisted  cords  called  the  ckalazce  {Fig.  1,  ch.  I), 
composed  of  coiled  membranous  layers  of  denser  albu- 
men, run  from  the  two  extremities  of  the  egg  to  the 
opposite  portions  of  the  yolk.  Their  inner  extromities 
expand  and  merge  into  a  layer  of  denser  albumen  sur- 
rounding the  fluid  layer  next  the  yolk.  Their  outer 
extremities  are  free,  and  do  not  quite  reach  the  outer 
layer  of  the  white.  Thus  they  cannot  serve  to  suspend 
the  yolk,  although  they  may  help  to  keep  it  in  position, 
by  acting  as  elastic  pads.  The  interior  of  each  chalaza 
presents  the  appearance  of  a  succession  of  opaque  white 
knots ;  hence  the  name  chalazs  (hailstones). 

The  yolk  is  enclosed  in  the  vitelline  meTnbrane  (Fig. 
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which,  again,  there  is  an  opacity,  varyii^  in  appearance, 
sometimes  homogeneous,  and  sometimes  dotted. 

The  disc  is  always  found  to  be  uppermost  whatever 
be  the  position  of  the  egg,  provided  there  is  no  restraint 
to  the  rotation  of  the  yolk.  The  explanation  of  this  is 
to  be  sought  for  in  the  lighter  specific  gravity  of  that 
portion  of  the  yolk  which  is  in  the  neighbourhood  of  the 
disc,  and  the  phenomenon  is  not  in  any  way  due  to  the 
action  of  the  chalazae. 

A  section  of  the  yolk  of  a  hard-boiled  egg  will  shew 
that  it  is  not  perfectly  uniform  throughout,  but  that 
there  is  a  portion  of  it  having  the  form  of  a  flask,  with 
a  funnel-shaped  neck,  which,  when  the  egg  is  boiled, 
does  not  become  so  solid  as  the  rest  of  the  yolk,  but 
remains  more  or  less  fluid. 

The  expanded  neck  of  this  flask-shaped  space  is 
situated  immediately  underneath  the  disc,  while  its 
bulbous  enlargement  is  about  in  the  middle  of  the  yolk. 
We  shall  return  to  it  directly. 

The  great  mass  of  the  yolk  is  composed  of  what  is 
kno^vn  as  the  yellow  yolk  (Fig.  1,  y.  y).  This  consists 
of  spheres  (Fig.  2,  A.)  of  from  25/li  to  100/li'  in  diameter 
filled  with  numerous  minute  highly  refractive  granules ; 
these  spheres  are  very  delicate  and  easily  destroyed  by 
crushing.  When  boiled  or  otherwise  hardened  in  situ, 
they  assume  a  polyhedral  form,  from  mutual  pressure. 
The  granules  they  contain  seem  to  be  of  an  albuminous 
nature,  as  they  are  insoluble  in  ether  or  alcohoL 

Chemically  speaking  the  yolk  is  characterized  by  the  presence 
in  large  quantities  of  a  proteid  matter,  having  many  affinities 
with  globulin,  and  called  vitellin.   This  exists  in  peculiar  associa- 
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white  yolk  is  generally  known    as  the   "nucleus  of 
Pander." 

Concentric  to  the  outer  enveloping  layer  of  white 
yolk  there  are  within  the  yolk  other  inner  layers  of  the 
same  substance,  which  cause  sections  of  the  hardened 
yolk  to  appear  to  be  composed  of  alternate  concentric 
thicker  laminae  of  darker  (yellow)  yolk,  and  thinner 
laminsB  of  lighter  (white)  yolk  (Fig.  1,  w,  y.). 

The  microscopical  characters  of  the  white  yolk 
elements  are  very  diflferent  from  those  of  the  yellow 
yolk.  It  is  composed  of  vesicles  (Fig.  2,  B.)  for  the  most 
part  smaller  than  those  of  the  yellow  yolk  (4ffi — 76/Lt), 
with  a  highly  refructive  body,  often  as  small  as  l/x,  in 
the  interior  of  each ;  and  also  of  larger  spheres,  each  of 
which  contains  a  number  of  spherules,  similar  to  the 
smaller  spheres. 

Another  feature  of  the  white  yolk,  according  to  His, 
is  that  in  the  region  of  the  blastoderm  it  contains 
numerous  large  vacuoles  filled  with  fluid;  they  are 
sufficiently  large  to  be  seen  with  the  naked  eye,  but  do 
not  seem  to  be  present  in  the  ripe  ovarian  ovum. 

It  is  now  necessary  to  return  to  the  blastoderm.  In 
this,  as  we  have  already  said,  the  naked  eye  can  distin- 
guish an  opaque  white  rim  surrounding  a  more  trans- 
parent central  area,  in  the  middle  of  which  again  is  a 
white  spot  of  variable  appearance.  In  an  unfecundated 
cicatricula  the  white  disc  is  simply  marked  with  a 
number  of  irregular  clear  spaces,  there  being  no  proper 
division  into  a  transparent  centre  and  an  opaque  rim. 

The  opaque  rim  is  the  commencement  of  what  we 
shall  henceforward  speak  of  as  the  area  opaca;  the 
central  transparent  portion  is   in   the   same  way  the 
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rests.  The  lowest  are  generally  the 
laigest.  The  layer  is  thicker  at  the  peri- 
pheiy  than  at  the  centre :  and  rests  on 
a  bed  of  white  yolk,  from  which  it  is  in 
parts  separated  by  a  more  or  less  de- 
veloped cavity,  containing  probably  fluid 
yolk  matter  about  to  be  absorbed.  In 
the  bed  of  white  yolk  nuclei  are  present, 
which  are  destined  to  become  the  nuclei 
of  cells  about  to  join  the  lower  layer  of 
the  blastoderm.  These  nuclei  are  gene- 
rally more  numerous  in  the  neighbour- 
hood of  the  thickened  periphery  of  the 
blastoderm  than  elsewhere.  Amongst 
the  lower  layer  cells  are  to  be  found 
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Fio.  3. 
Section  of  a  Blastoderm  of  a  Fowl's  Egg 

AT  THE  commencement  OF   InCUBATION. 

The  thin  but  complete  upper  layer  ep  com- 
posed of  columnar  cells  rests  on  the  in- 
complete lower  layer  I,  composed  of  larger 
and  more  granular  cells.  The  lower  layer 
is  thicker  in  some  places  than  in  others, 
and  is  especially  thick  at  the  periphery. 
The  line  below  the  under  layer  marks  the 
upper  siirface  of  the  white  yolk.  The  larger 
so-called  formative  cells  are  seen  at  h, 
lying  on  the  white  yolk.  The  figure  does 
not  take  in  quite  the  whole  breadth  of  the 
blastoderm  ;  but  the  reader  must  under- 
stand that  both  to  the  right  hand  and  the 
left  cp  is  continued  farther  than  l,  so  that 
at  the  extreme  edge  it  rests  directly  ou 
the  white  yolk. 
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form  of  a  flask-shaped  mass  in  the  interior  of  the  yolk, 
the  upper  somewhat  expanded  top  of  the  neck  of 
which  forms  the  bed  on  which  the  blastoderm  rests. 
The  whole  yolk  is  invested  with  the  vitelline  mem- 
brane, this  again  with  the  white;  and  the  whole  is 
covered  with  two  shell-membranes  and  a  shell. 

Such  an  egg  has  however  undergone  most  important 
changes  while  still  within  the  body  of  the  hen;  and 
in  order  to  understand  the  nature  of  the  structures 
which  have  just  been  described,  it  will  be  necessary  to 
trace  briefly  the  history  of  the  egg  from  the  stage  when 
it  exists  as  a  so-called  ovarian  ovum  in  the  ovary  of  a 
hen  up  to  the  time  when  it  is  laid. 

In  birds  the  left  ovary  alone  is  found  in  the  adult ; 
and  is  attached  by  the  mesovariwm  to  the  dorsal  wall 
of  the  abdominal  cavity,  on  the  left  side  of  the  vertebral 
column.  It  ponsists  of  a  mass  of  vascular  stroma  in 
which  the  ova  are  imbedded,  is  covered  superficially 
by  a  layer  of  epithelium,  continuous  with  the  epithelial 
lining  of  the  peritoneal  cavity.  The  appearance  of  the 
ovary  varies  greatly  according  to  the  age  of  the  indi- 
vidual. In  the  mature  and  sexually  active  females 
it  is  almost  wholly  formed  of  pedunculated  and  highly 
vaccular  capsules  of  various  sizes,  each  containing  a  more 
or  less  developed  ovum ;  in  the  young  animal  however 
it  is  much  more  compact,  owing  to  the  absence  of 
advanced  ova. 

If  one  of  the  largest  capsules  of  the  ovary  of  a  hen 
Iffhich  is  laying  regularly  be  opened,  it  will  be  found  to 
pontain  a  nearly  spherical  (or  more  correctly,  ellipsoidal 
with  but  slightly  unequal  axes)  yellow  body  enclosed  in 
a  deUcate  membrane.     This  is  the  ovarian  ovum  or  egg. 
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The  rest  of  the  ovum  is  known  as  the  yolk.  Tbia 
consists  of  two  elements,  the  white  yolk-  and  the  yellow 
yolk-spheres,  which  are  distributed  respectively  very 
much  in  the  same  way  as  in  the  laid  egg,  the  yellow 
yolk  forming  the  main  mass  of  tine  ovum,  and  the  white 
yolk  being  gathered  underneath  and  around  the  disc 
(Fig.  4,  w.  y),  and  also  forming  a  flask-shaped  masB  in 
the  interior.  The  delicate  membrane  surrounding  the 
vhole  is  the  vitelline  Tnembrane. 

The  youngest  ova  in  the  ovaiy  of  a  fowl,  in  common 
with  those  of  all  other  animals,  present  the  characters 
of  a  simple  cell  Such  a  cell  is  diagrammatically  repre- 
sented in  Fig.  5. 

It  is  seen  to  consist  of  a  naked  protoplasmic  body 
containing  in  its  interior  a  nucleus — the  germinal  vesi- 
cle— which  in  its  turn  envelopes 
*^  5  a  nucleolus — constituting  what  is 

known  as  the  germinal  spot. 
Such  young  ova  are  enclosed  in 
a  capsule  of  epithelium,  named 
the  follicle  or  follicular  mem- 
brane, and  are  irregularly  scat- 
tered in  the  stroma  of  the  ovar)'. 
The  difference  between  such 
an  immature  ovum  and  the  ripe 
ovum  just  described  is  very  great, 
but  throughout  its  growth  the 
ovum  retains  the  characters  of  a 
cell,  so  that  the  mature  ova- 
rian ovum,  equally  with  the 
youngest  ovum  in  the  ovary,  is  a  single  cell. 
The  most  striking  changes  which  takeb  place  in  the 
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course  of  the  maturatioa  of  the  ovum  concern  ihe  body 
of  the  cell  rather  than  the  germinal  vesicle.  As  the 
body  grows  in  size  a  number  of  granules  make  their 
appearance  in  its  interior.  These  granules  are  formed 
by  the  inherent  activity  of  the  protoplasm,  which  is 
itself  nourished,  in  a  large  measure  at  any  rate,  by  the 
cells  of  the  follicle.  The  outermost  layer  of  the  proto- 
plasm remains  free  from  these  granules.  As  the  ovum 
grows  older  the  granul^es  become  larger,  first  of  all  in 
the  centre,  and  subsequently  at  the  periphery,  and  take 
the  form  of  vhite  yolk-spherules.  The  greater  part  of 
tbem  become  at  a  later  stage  converted  into  yellow 
yolk-spheres,  while  a  portion  of  them,  situated  in  the 
position  of  the  white  yolk  of  the  ripe  ovum,  retain  their 
original  characters. 

The  germinal  vesicle,  which  in  the  youngest  ova  is 
ituatud  centrally  or  subcentrally.  travels  in  the  course 
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ovum  this  is  in  its  turn  embraced  by  a  highly  vascular 
connective-tissue  capsule. 

The  youngest  ova  are,  as  has  already  been  stated, 
quite  naked.  In  ova  of  about  1*5  mm.  the  superficial 
layer  of  the  ovum  becomes  converted  into  a  radiately 
striated  membrane  called  the  zcma  radiata.  At  a  later 
period  a  second  membrane,  placed  between  the  zona 
radiata  and  the  cells  of  the  follicle,  makes  its  appearance, 
but  its  mode  of  origin  is  still  unknown.  As  the  ovum 
approaches  maturity  the  zona  radiata  disappears,  and  in 
the  ripe  ovum  the  second  membrane,  which  has  already 
been  spoken  of  as  the  vitelline  membrane,  alone 
remains. 

From  what  has  just  been  stated  it  follows  that  in 
an  egg  which  has  been  laid  the  yolk  alone  constitutes 
the  true  ovum.  The  white  and  the  shell  are  in  fact 
accessory  structures  formed  during  the  passage  of  the 
ovum  down  the  oviduct. 

When  the  ovarian  ovum  is  ripe  and  about  to  be 
discharged  fi:-om  the  ovary,  its  capsule  is  clasped  by 
the  open  infundibulum  of  the  oviduct.  The  capsule 
then  bursts,  and  the  ovum  escapes  into  the  oviduct,  its 
longer  axis  corresponding  with  the  long  axis  of  the 
oviduct,  the  genninal  disc  therefore  being  to  one 
side. 

In  describing  the  changes  which  take  place  in  the 
oviduct,  it  will  be  convenient,  following  the  order  pre- 
viously adopted,  to  treat  first  of  all  of  the  formation 
of  the  accessory  parts  of  the  egg.  These  are  secreted 
by  the  glandular  walls  of  the  oviduct.  This  organ 
therefore  requires  some  description.  It  may  be  said  to 
consist  of  four  parts : — 1st.     The  dilated  infundibulum 
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with  aa  abdomiiuJ  opening.  2nd.  A  long  tabular 
portion — the  oviduct  proper — opening  by  a  narrow  neck 
or  isthmus  into  the  3rd  portion,  which  is  much  dilated, 
and  has  been  called  the  uterus ;  the  4th  part  is  some- 
what narrow,  and  leads  from  the  uterus  into  the  cloaca. 
The  whole  of  the  mucous  membrane  lining  the  oviduct 
is  lai^y  ciliated. 

The  accessory  parts  of  the  egg  are  entirely  formed 
in  the  Snd  and  3rd  portions.  The  layer  of  albumen 
which  immediately  surrounds  the  yolk  is  first  de- 
posited ;  the  chalazse  are  next  formed.  Their  spiral 
character  and  the  less  distinctly  marked  spiral  arrange- 
ment of  the  whole  albumen  is  brought  about  by  the 
motion  of  the  egg  along  the  spiral  ridges  into  which 
the  interior  of  the  second  or  tubular  portion  of  the 
oviduct  is  thrown.  The  spirals  of  the  two  chalazte  are 
in  different  directions.     This  is  probably  produced  by 
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hours,  during  which  time  the  shell  acquires  its  normal 
consistency.  At  the  time  of  laying  it  is  expelled  from 
the  uterus  by  violent  muscular  contractions,  and  passes 
with  its  narrow  end  downwards  along  the  remainder  of 
the  oviduct,  to  reach  the  exterior. 

ImpregnatioiL  This  process  occurs  in  the  upper 
portion  of  the  oviduct;  the  spermatozoa  being  found 
actively  moving  in  a  fluid  which  is  there  contained. 

We  have  as  yet,  as  far  as  the  fowl  is  concerned,  no 
direct  observations  concerning  the  changes  preceding 
and  following  upon  impregnation  ;  nor  indeed  concern- 
ing the  actual  nature  of  the  act  of  impregnation. 

In  other  types  however  these  processes  have  been 
followed  with  considerable  care,  and  the  result  has  been 
to  shew  that  prior  to  impregnation  a  division  of  the 
ovum  takes  place  into  two  very  unequal  parts.  The 
smaller  of  these  parts  is  knowTi  as  the  polar  body,  and 
plays  no  further  part  in  the  development.  In  the 
course  of  the  division  of  the  ovum  into  these  two  parts 
the  germinal  vesicle  also  divides,  and  one  part  of  it 
enters  the  polar  body,  while  a  portion  remains  in  the 
larger  segment  which  continues  to  be  called  the  ovum, 
and  is  there  known  as  the  female  pronucleus.  Im- 
pregnation has  been  found  to  consist  essentially  in 
the  entrance  of  a  single  spermatozoon  into  the  ovum, 
followed  by  the  fusion  of  the  two.  The  spermatozoon 
itself  is  to  be  regarded  as  a  cell,  the  head  of  which 
corresponds  to  the  nucleus.  When  the  spermatozoon 
enters  the  ovum  the  substance  forming  its  tail  becomes 
mingled  with  the  protoplasm  of  the  latter,  but  the  head 
enlarges  and  constitutes  a  distinct  body  called  the  male 
pronucleus,  which  travels  towards  and  finally  fuses  with 

F.  A  B.  ^ 
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tke  female  pronucleus  to  constitute  the  nucleus  of  the 
impregnated  ovum. 

Segmentation.  There  follows  upon  the  impr^na- 
tion  a  remarkable  process  known  as  the  segmentation. 
The  process  consists  essentially  in  the  division  of  the 
impregnated  ovum  by  a  series  of  successive  segmenta- 
tions into  a  number  of  cells,  of  which  the  whole  of  the 
cells  of  the  future  animal  are  the  direct  descendants. 
In  the  majority  of  instances  this  process  results  in  the 
division  of  the  whole  ovum  into  cells;  but  in  cases  of 
ova  where  there  is  a  large  amount  of  food  yolk,  only 
that  pfi|t  of  the  ovum  in  which  the  protoplasm  is  but 
slightly  loaded  with  food  material,  and  which  we  have 
already  described  as  the  germinal  disc,  becomes  so 
divided.  The  remainder  of  the  ovum  constitutes  a 
food  reservoir  for  the  use  of  the  developing  embryo 
and  is  known  as  the  food  yolk.     The  segmentation  in 
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Surface  Yibws  of  the  early  Stages  of  the  Segmentation 
IN  A  Fowl's  Ego.    {A  and  C  after  Coste.) 

A  represents  the  earliest  stage.  The  first  fiirrow  (6)  has 
begun  to  make  its  appearance  in  the  centre  of  the  germinal  disc, 
whose  periphery  is  marked  by  the  line  a.  In  B,  the  first  furrow 
is  completed  nearly  across  the  disc,  and  a  second  similar  furrow 
at  right  angles  to  the  first  has  appeared.  The  disc  thus 
becomes  divided  somewhat  irregularly  into  quadrants  by  four 
(half)  furrows.  In  a  later  stage  ((7)  the  meridian  furrows  h  have 
increased  in  nimiber,  from  four,  as  in  2?,  to  nine,  and  cross 
furrows  have  also  made  their  appearance.  The  disc  is  thus  cut 
up  into  small  central  (c)  and  larger  peripheral  {d)  segments. 
Several  new  cross  furrows  are  seen  just  beginning,  as  ex.  gr.  close 
to  the  end  of  the  line  of  reference  d, 

appearance,  running  across  the  germinal  disc,  though 
not  for  the  whole  breadth,  and  dividing  it  into  two 
halves  (Fig.  6,  A).  This  primary  furrow  is  succeeded 
by  a  second  at  right  angles  to  itself.  The  surface  thus 
becomes  divided  into  four  segments  or  quadrants  (Fig. 
6,5). 

•2—2 
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The  second  furrow  cuts  the  first  somewhat  exceo- 
trically. 

The  first  four  furrows  do  not  extend  through  the 
whole  thickuess  of  the  germinal  disc,  and  the  four  s^- 
ments  marked  out  b;  them  are  not  separated  from  the 
disc  on  their  lower  aapect. 

Each  of  these  is  again  bisected  by  radiating  furrows, 
and  thus  the  number  of  segments  is  increased  from  four 
to  eight  (it  may  be  seven  or  nine).  The  central  portion 
of  each  segment  is  then,  by  a  cross  fiirrow,  cut  oflf  firom 
the  peripheral  portion,  giving  rise  to  the  appearance  of 
a  number  of  central  smaller  segments,  surrounded  by 
more  external  elongated  segments  (Fig.  6,  C). 

The  excentricity  in  the  arrangement  of  the  segments 
is  moreover  still  preserved,  the  smaller  segments  being 
situated  nearer  one  side  of  the  germinal  disc  The 
exceutricity  of  the  segmentation  gives  to  the  segmenting 
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Surface  View  of  the  Germinal  Dibo  of  a  Hen's  Eq*} 

dcrino  the  later  sraasb  of  segmentation. 

(Chromic  Acid  Preparation.) 

At  c  in  the  centre  of  the  disc  the  segmeatation  masees  are 

Terj  small  and  numerous.     At  b,  nearer  the  edge,  they  are 

larger  ajid  fewer ;  while  those  at  the  extreme  margin  a  are  largest 

and  fewest  of  all.    It  wiU  be  noticed  that  the  radiating  furrows 

marking  off  the  aegments  a  do  not  reach  to  the  extreme  ntargin 

e  of  the  disc 

The  drawing  ia  completed  in  one  quadmat  only  ;  it  will  of 
course  be  UDderatood  that  the  whole  circle  ought  to  be  filled  up 
in  a  precisely  similar  manner. 

In  this  way,  by  repeated  division  or  segmentation, 
the  original  germinal  disc  ia  cut  up  into  a  large  number 
of  smalt  rounded  masses  of  protoplasm,  which  are  small- 
est in  the  centre,  and  increase  in  size  towards  the  peri- 
phery. The  segments  lying  uppermost  are  moreover 
smaller  than  those  beneath,  and  thus  the  establishment 
of  the  two  layers  of  the  blastoderm  is  foreshadowed. 
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SEonoK  or  THK  Gerhikai.  Disc  or  a  Fowl  dukiso  the 

LatBK  SIAOES  or  SXQIIBNTATIOII. 

The  Bection,  whioh  repreaeatii  rather  more  than  balf  the 
breadth  of  the  blastoderm  (the  middle  line  beii^  shewn  at  e), 
ahewa  that  the  upper  and  central  parts  of  the  dieo  segmeot 
faater  than  those  below  and  towards  the  periphery.  At  the 
periphery  the  segmenta  are  atiU  very  large.    One  of  the  h 


I.]  SEGMENTATION.  23 

firom  the  analogy  of  other  forms,  no  doubt  that  in  the 
formation  of  the  first  two  segments  the  original  nucleus, 
formed  by  the  fusion  of  the  male  and  female  pronuclei, 
becomes  divided,  and  that  a  fresh  division  of  the  nucleus 
takes  place  with  the  formation  of  each  fresh  segment. 
Nuclei  make  their  appearance  moreover  in  the  part  of 
the  ovum  immediately  below  that  in  which  the  segmen- 
tation has  already  taken  place ;  these  are  in  all  proba- 
bility also  derived  from  the  primitive  nucleus.  The 
substance  round  some  of  these  nuclei  rises  up  in  the 
form  of  papillae,  which  are  subsequently  constricted  oflF 
and  set  free  as  supplementary  segmentation  masses; 
while  some  of  the  nuclei  remain  and  form  the  nuclei 
already  spoken  of  as  existing  in  the  bed  of  white  yolk 
below  the  blastoderm  in  the  unincubated  egg. 

Between  the  segmented  germinal  disc,  which  we 
may  now  call  the  blastoderm,  and  the  bed  of  white  yolk 
on  which  it  rests,  a  space  containing  fluid  makes  its 
appearance. 

As  development  proceeds,  segmentation  reaches  its 
limits  in  the  centre,  but  continues  at  the  periphery,  and 
thus  eventually  the  masses  at  the  periphery  become  of 
the  same  size  as  those  in  the  centre. 

The  distinction  however  between  an  upper  and  a 
lower  layer  becomes  more  and  more  obvious. 

The  masses  of  the  upper  layer  arrange  themselves, 
side  by  side,  with  their  long  axes  vertical ;  their  nuclei 
become  very  distinct.  In  fact  they  form  a  membrane 
of  columnar  nucleated  cells. 

The  masses  of  the  lower  layer,  remaining  larger  than 
those  of  the  upper  layer,  continue  markedly  granular 
and  round,  and  form  rather  a  close  irregular  network 
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than  a  distinct  membroDe.  Their  nuclei  are  not  readily 
visible. 

At  the  time  when  the  segmentation-spheres  in  the 
centre  are  smaller  than  those  at  the  peripheiy,  and 
those  above  are  also  smaller  than  those  below,  a  few 
lai^e  spherical  masses,  probably  containing  each  one  of 
the  nuclei  already  spoken  of,  arise  by  a  process  of  seg- 
mentation from  the  bed  of  white  yolk,  and  rest  directly 
on  the  white  yolk  at  the  bottom  of  the  shallow  cavity 
below  the  mass  of  segmentation- spheres.  They  contain 
either  Dumcrous  small  spherules,  or  fine  granules ; 
the  spherules  precisely  resemhlii^  the  smaller  spheres 
of  white  yolk.  These  loose  spherical  masses  form  the 
majority  of  the  formative  cells  already  spoken  of. 

Thus  the  original  germinal  disc  of  the  ovarian  ovum 
becomes,  by  the  process  of  segmentation,  converted  into 
the  blastoderm  of  the  laid  e^  with  its  upper  layer  of 


CHAPTER  II. 

A  BKIEF  SUMMARY  OF  THE  WHOLE  HISTORY  OF 

INCUBATION. 

Step  by  step  the  simple  two-layered  blastoderm 
described  in  the  previous  chapter  is  converted  into  the 
complex  organism  of  the  chick.  The  details  of  the 
many  changes  through  which  this  end  is  reached  will 
perhaps  be  rendered  more  intelligible  if  we  prefix  to  the 
special  history  of  them  a  brief  summary  of  the  general 
course  of  events  from  the  beginning  to  the  end  of  incu- 
bation« 

In  the  first  place,  it  is  to  be  borne  in  mind  that  the 
embryo  itself  is  formed  in  the  area  pellucida,  and  in  the 
area  pellucida  alone.  The  area  opaca  in  no  part  enters 
directly  into  the  body  of  the  chick;  the  structures  to 
which  it  gives  rise  are  to  be  regarded  as  appendages, 
which  sooner  or  later  disappear. 

Oerminal  layers.  The  blastoderm  at  starting  con- 
sists of  two  layers.  Very  soon  a  third  layer  makes  its 
appearance  between  the  other  two.  These  three  layers, 
known  as  the  germinal  layers,  the  establishment  of  which 
is  a  fact  of  fundamental  importance  in  the  history  of  the 
embryo,  are  called  respectively  the  upper,  middle  and 
lower  layers,  or  epiblasi,  mesoblast  and  fcj/poblcist.    01 
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these  the  epiblast  and  hypoblast  constitute  the  pninaiy 
layers. 

Three  «imiliiT  germinal  layers  are  found  in  the 
embryos  of  all  vertebrate  and  most  invertebrate  formB, 
and  their  history  is  one  of  the  most  important  parts  of 
comparative  embryology. 

The  epiblast  gives  rise  to  the  epidermis,  the  central 
and  peripheral  parts  of  the  nervous  system,  and  to  the 
most  important  parts  of  the  organs  of  special  sense. 
The  hypoblast  is  essentially  the  secretory  layer,  and 
furnishes  the  whole  epithelial  lining  of  the  alimentary 
tract  and  its  glands,  with  the  exception  of  part  of  the 
mouth  and  anus  which  are  lined  by  the  epiblast  and 
are  spoken  of  by  embryologists  as  the  stomodceum  and 
proctodcEum.  Finally  the  mesoblast  is  a  source  from 
which  the  whole  of  the  vascular  system,  the  muscular 
ldJ  skeletal  syatcm.  and  the  connective  tissue  ol'  all 
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endosed  as  fonneily  by  the  yitelliiie  membane  alone, 
comes  to  be  also  enclosed  in  a  bag  formed  bj  the  bbsto- 
derm. 

It  is  not  however  until  quite  a  late  period  that  the 
complete  closing  in  at  the  opposite  pole  takes  place ;  in 
&ct  the  extension  of  the  blastoderm  most  be  thought 
of  as  going  on  during  the  first  seven  days  of  incabatioiL 

Both  the  area  opaca  and  the  area  pelhicida  dbare  in 
this  enlargement,  bat  the  area  opaca  increases  moch 
more  rapidly  than  the  area  peUociday  and  {days  the 
principal  part  in  encompasnng  the  yoDL 

The  mesoblast,  in  that  part  of  the  area  opaca  wiaeh 
is  nearest  to  the  area  peDncida,  becomes  the  seat  of 
pecoliar  changes,  which  resnlt  in  the  formation  of  Uood- 
vessels^  Hence  this  part  of  the  area  opaca  is  calkd  the 
wucular  area. 

The  embryo  itself  may  be  said  to  be  formed  by  a 
folding  off  the  central  portion  of  the  area  pellu<;ida  from 
the  rest  of  the  blastodemL  At  first  the  area  pellncida 
is  qnite  flat,  or,  inasmuch  as  it  forms  part  of  the  circum- 
ference of  the  yolk,  slightly  but  uniformly  curved-  Very 
soon,  however,  there  appears  at  a  certain  spot  a  semi- 
lunar groove,  at  first  small,  but  gradually  increasing  in 
depth  and  extent;  this  groove,  which  is  represented  in 
section  in  the  diagram  (Fig.  9,  A],  breaks  the  uni- 
formity of  the  level  of  the  area  pellucida.  It  may  be 
spoken  of  as  a  toddng  in  of  a  small  portion  of  die 
Uastodenn  in  the  form  of  a  crescent.  When  viewed 
from  above,  it  presents  itseif  as  a  curved  line  (the  hinder 
of  the  two  concentric  curved  lines  in  front  of  ^  in  Fig. 
22),  whidi  marks  the  hind  margin  of  the  groove,  the 
dqmssioa  itself  being  hidden. 
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blastoderm  is  spreading  both  behind  (to  the  left  hand  in  the 
figure),  and  in  front  (to  right  hand)  of  the  head-fold,  its  limits 
being  indicated  by  the  shading  and  thickening  for  a  certain  dis- 
tance of  the  margin  of  the  yolk  y.  As  yet  there  is  no  fold  on  the 
left  side  of  e  corres^jonding  to  the  head-fold  on  the  right. 

J?  is  a  vertical  transverse  section  of  the  same  period  drawn 
for  convenience  sake  on  a  larger  scale  (it  shoold  have  been  made 
flatter  and  less  curved).  It  shews  that  the  blastoderm  (vertically 
shaded)  is  extending  laterally  as  well  as  fore  and  aft,  in  fact  in 
all  directions  ;  but  there  are  no  lateral  folds,  and  therefore  no 
lateral  limits  to  the  body  of  the  embryo  as  distinguished  from 
the  blastoderm. 

Incidentally  it  shews  the  formation  of  the  medullary  groove 
by  the  rising  up  of  the  laminae  dorsaies.  Beneath  the  section  of 
the  groove  is  seen  the  rudiment  of  the  notochord.  On  either  side 
a  line  indicates  the  cleavage  of  the  mesoblast  just  commencing. 

In  C,  which  represents  a  vertical  longitudinal  section  of  later 
date,  both  head-fold  (on  the  right)  and  tail-fold  (on  the  left)  have 
advanced  considerably.  The  alimentary  canal  is  therefore  closed 
ID,  both  in  front  and  behind,  but  is  in  the  middle  still  widely 
open  to  the  yolk  y  below.  Though  the  axial  parts  of  the  embryo 
have  become  thickened  by  growth,  the  body-walls  are  still  thin ; 
in  them  however  is  seen  the  cleavage  of  the  mesoblast,  and  the 
divergence  of  the  somatopleure  and  splanchnopleure.  The 
splanchnopleure  both  at  the  head  and  at  the  tail  is  folded  in  to 
a  greater  extent  than  the  somatopleure,  and  forms  the  still  wide 
splanchnic  stalk.  At  the  end  of  the  stalk,  which  is  as  yet  short, 
it  bends  outwards  again  and  spreads  over  the  surface  of  the  yolk. 
The  somatopleure,  folded  in  less  than  the  splanchnopleure  to 
form  the  wider  somatic  stalk,  sooner  bends  round  and  runs  out- 
wards again.  At  a  little  distance  from  both  the  head  and  the 
tail  it  is  raised  up  into  a  fold,  a/,  af,  that  in  front  of  the  head 
being  the  highest.  These  are  the  amniotic  folds.  Descending  from 
either  fold,  it  speedily  joins  the  splanchnopleure  again,  and  the 
two,  once  more  imited  into  an  uncleft  membrane,  extend  some 
way  downwards  over  the  yolk,  the  limit  or  outer  margin  of  the 
opaque  area  not  being  shewn.  All  the  space  between  the  soma- 
topleore^and  the  splanchnopleure,  pp^  is  shaded  with  dots.    Close 
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to  the  body  this  space  maj  be  called  the  pleuToperitoueol  cavitf ; 
but  outmde  the  bodj  it  runs  up  into  either  amniotdo  fold,  and 
also  extends  Homo  little  way  over  the  yolk. 

D  repieaents  the  tail  end  at  about  the  same  atage  on  a  more 
enlaced  scale,  in  order  to  illustrate  the  poeition  of  the  allautois 
<d  (which  was  for  tbeaoke  of  simplicity  omitted  in  C),  shewn  as  a 
bud  from  the  splanchnopleure,  stretching  downwards  into  the  plen- 
roperitoaeal  cavity  pp.  The  dotted  area  representing  as  before  the 
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whole  spaoe  between  the  eplanchnopleiue  and  the  Boimaiofpienrty 
a  ia  evident  that  a  way  la  open  for  the  aUantois  to  extend  from 
its  present  position  into  the  apace  between  the  two  limbe  of  the 
amniotic  fold  of. 

Ej  also  a  longitudinal  section,  roprcecnte  a  sta^  still  fartiier 
advanced.  Both  splanchnic  and  somatic  staDcs  are  much  nar- 
rowedy  especially  the  former,  the  cavity  of  the  alimentary  canal 
being  now  connected  with  the  cavity  df  the  yolk-sack  by  a  mere 
canaL  The  folds  of  the  amnion  are  spreading  over  the  top  of 
the  embryo  and  nearly  meet.  Each  fold  consists  of  two  walls 
or  limbs,  the  space  between  which  (dotted)  is  as  before  merely 
a  part  of  the  space  between  the  somatopleare  and  i^lanchno- 
pknre.  Between  these  arched  amniotic  folds  and  the  body  of 
the  embryo  isa  space  not  as  yet  entirely  closed  in. 

F  represents  on  a  different  scale  a  transverse  section  of  E 
taken  through  the  middle  of  the  splanchnic  stalk.  The  dark  ring 
in  the  body  of  the  embryo  shews  the  position  of  the  neural  canal, 
below  which  is  a  black  spot,  marking  the  notochord.  On  either 
side  of  the  notochord  the  divergence  of  somatopleure  and  splanch- 
nopleure  is  obvious.  The  splanchnopleure,  more  or  less  thick- 
ened, is  somewhat  bent  in  towards  the  middle  line,  but  the  two 
sides  do  not  unite,  the  alimentaiy  canal  being  as  yet  open  below 
at  this  spot ;  after  conveigiDg  somewhat  they  diverge  again  and 
run  outwards  over  the  yolk.  The  somatopleure,  folded  in  to 
some  extent  to  form  the  body-walls,  soon  bends  outwards  again, 
and  is  almost  immediately  raised  up  into  the  lateral  folds  of  the 
amnion  af.  The  continuity  of  the  pleuroperitoneal  cavity  within 
the  body  with  the  interior  of  the  amniotic  fold  outside  the  body 
is  evident ;  both  cavities  are  dotted. 

Oj  which  corresponds  to  i>  at  a  later  stage,  is  introduced  to 
shew  the  manner  in  which  the  allantois,  now  a  distinctly  hollow 
body,  whose  cavity  is  continuous  with  that  of  the  alimentary 
canal,  becomes  directed  towards  the  amniotic  fold. 

In  IT  a  longitudinal,  and  /  a  transverse  section  of  later  date, 
great  changes  have  taken  place.  The  several  folds  of  the  amnion 
have  met  and  coalesced  above  the  body  of  the  embryo.  The  inner 
limbs  of  the  several  folds  have  united  into  a  single  membrane  (a), 
which  encloses  a  space  (a6  or  ac)  round  the  embryo.    This  mem- 
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brane  {a)  is  the  amnion  pn>per,and  the  cavity  within  it,  i«.  Ix 
it  and  the  embrjo,  is  the  cavit;  of  the  ammoa  oonttuning  the 
liqaor  amnii.  The  allautoia  is  omitted  for  the  salce  of  sim- 
plicity. 

It  will  be  seen  that  the  ammon  a  now  forma  in  ever;  diroo- 
ttoD  the  termination  of  the  somatopleure ;  the  peripheral  portions 
of  the  somatopleure,  the  united  outer  or  descending  limbs  of  the 
folds  of  in  C,  D,  F,  O  having  been  cut  adrift,  and  now  forming 
an  independent  continuous  membrane,  the  terow*  7rt«mbrant, 
immediately  underneath  the  vitelline  membrane. 

In  /  the  splanchnopleure  is  seen  converging  to  complete  the 
closure  of  the  alimentary  canal  a'  even  at  the  stalk  {elsewhere 
the  canal  has  of  course  long  been  closed  in),  and  then  apreading 
outwards  as  before  over  the  yolk.  The  point  at  which  it  unites 
with  the  somatopleure,  marking  the  extreme  limit  ofthedeavage 
of  the  mesoblast,  is  now  much  nearer  the  lower  pole  of  the 
diminished  yolk. 
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As  a  result  of  these  several  changes,  a  great  increaBe  in  the 
dotted  space  has  taken  place.  It  is  now  poesible  to  pass  from 
the  actual  peritoneal  cavity  within  the  body,  on  the  one  hand 
lound  a  great  portion  of  the  circumference  of  the  yolk,  and  on  the 
other  hand  above  the  anmion  a,  in  the  space  between  it  and  the 
serous  envelope. 

Into  this  space  the  allantois  is  aeen  spreading  in  K  at  al. 

In  L  the  splanchnopleure  has  completely  invested  the  yolk- 
sac,  but  at  the  lower  pole  of  the  yolk  is  still  continuous  with 
that  peripheral  renmant  of  the  somatopleure  now  called  the 
serous  membrane.  In  other  words,  the  cleavage  of  the  mesoblast 
has  been  carried  all  round  the  yolk  (y«}  except  just  at  the  lower 
pol& 

In  If  the  cleavage  has  been  carried  through  the  pole  itself ; 
the  peripheral  portion  of  the  splanchnopleure  forms  a  complete 
investment  of  the  yolk,  quite  unconnected  with  the  peripheral 
portion  of  the  somatopleure,  which  now  exists  as  a  continuous 
membrane  lining  the  interior  of  the  shelL  The  yolk-nac  (y#)  is 
therefore  quite  loose  in  the  pleuroperitoneal  cavity,  being  con- 
nected only  with  the  alimentary  canal  (a')  by  a  Holid  pedicle. 

Lastly,  in  N  the  yolk-sac  (y#)  is  shewn  being  withdrawn  into 
Uie  cavity  of  the  body  of  the  embryo.  The  allantois  is  as  before, 
for  the  sake  of  simplicity,  omitted  ;  its  pedicle  would  of  course  lie 
by  the  side  of  y«  in  the  somatic  stalk  marked  by  the  usual  dotted 
shading. 

It  may  be  repeated  that  the  above  are  diagraroji,  the  various 
^Mces  being  shewn  distended,  whereas  in  many  of  them  in  the 
actual  egg  the  walls  have  collapsed,  and  are  in  near  juxta- 
position. 

In  a  vertical  longitudinal  section  carried  through  the 
middle  line,  we  may  recognize  the  following  parts  (Fig 
9,  A,  or  on  a  larger  scale  Fig.  10,  which  also  shews  details 
which  need  not  be  considered  now).  Beginning  at  what 
will  become  the  posterior  extremity  of  the  embryo  (the 
left-hand  side  of  the  figure  in  each  case),  and  following  the 
surface  of  the  blastoderm  forwards  (to  the  right  in  the 

P.  AB.  ^ 


The  section  is  Buppoeed  to  be  made  &t  a  time  when  the  head- 
fold  has  commenced  but  the  tail-fold  has  not  jet  appeared. 
F.  So.  fold  of  the  somatopleure. 
F.  Sp.  fold  of  the  splancbnopleure. 
The  line  of  reference  F.  So.  is  placed  in  the  lower  bay,  ontaids  . 
the  embryo.    The  line  of  J)  is  pUoed  in  the  i^per  bay  inside 
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form  of  the  letter  g.  This  fold  we  shall  always  speak  of 
as  the  head-fold.  In  it  we  may  recognize  two  limbs: 
an  upper  limb  in  which  the  curve  is  directed  forwards, 
and  its  bay,  opening  backwards,  is  underneath  the  blas- 
toderm, x.e.  as  we  shall  see,  inside  the  embryo  (Fig.  10. 
D);  and  an  imder  limb  in  which  the  curve  is  directed 
backwards,  and  its  bay,  opening  forwards,  is  above  the 
blastoderm,  t.  6.  outside  the  embryo.  If  an  8  Uke  the  above, 
made  of  some  elastic  material,  were  stretched  laterally, 
the  effect  would  be  to  make  both  limbs  longer  and 
proportionally  narrower,  and  their  bays,  instead  of  being 
shallow  cups,  would  become  more  tubular.  Such  a 
result  is  in  part  arrived  at  by  the  growth  of  the  blasto- 
derm; the  upper  limb  of  the  g  is  continually  growing 
forward  (but,,  unlike  the  stretched  elastic  model,  in- 
creases in  all  its  dimensions  at  the  same  time),  and  the 
lower  limb  is  as  continually  lengthening  backwards; 
and  thus  both  upper  and  lower  bays  become  longer  and 
longer.  This  we  shall  hereafter  speak  of  as  the  travel- 
ling backwards  of  the  head-fold. 

The  two  bays  do  not  however  both  become  tubular. 
The  section  we  have  been  speaking  of  is  supposed  to  be 
taken  vertically  along  a  line,  which  will  afterwards  be- 
come the  axis  of  the  embryo;  and  the  lower  bay  of  the 
8  is  a  section  of  the  crescentic  groove  mentioned  above, 
in  its  middle  or  deepest  part.  On  either  side  of  the 
middle  line  the  groove  gradually  becomes  shallower. 
Hence  in  sections  taken  on  either  side  of  the  middle 
line  or  axis  of  the  embryo  (above  or  below  the  plane 
of  the  figures),  the  groove  would  appear  the  less  marked 
the  farther  the  section  from  the  middle  line,  and  at  a 
certain  distance  would  disappear  altogether.   It  must  be 
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remembered  that  the  groove  is  at  first  crescent-shaped, 
irith  the  concavity  of  the  crescent  turned  towaids  what 
will  be  the  hind  end  of  the  embryo  (Fig.  22).  As  the  whole 
head-fold  is  carried  farther  and  farther  back,  the  horns 
of  the  crescent  are  more  and  more  drawn  in  towards  the 
middle  hne,  the  groove  becoming  first  semicircular,  then 
horse-shoe-shaped.  In  other  words,  the  head-fold, 
instead  of  being  a  simple  fold  running  straight  back- 
wards, becomes  a  curved  fold  with  a  central  portion  in 
front  miming  backwards,  and  two  side  portions  running 
in  towards  the  middle  line.  The  effect  of  this  is  that 
the  upper  bay  of  the  g  (that  within  the  embryo)  gets 
closed  in  at  the  sides  as  well  as  in  the  front,  and  thus 
speedily  becomes  tubular.  The  under  bay  of  the  S 
(that  outside  the  embryo)  remains  of  course  open  at  the 
sides  as  in  fix>nt,  and  forms  a  sort  of  horse-Bhoe-shaped 
ditch  surrounding  the  front  end  of  the  e 
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of  as  the  head-fold,  but  later  on  it  will  be  found  con- 
venient to  restrict  the  name  chiefly  to  the  lower  limb 

of  the  a 

Some  time  after  the  appearance  of  the  head-fold,  an 
altogether  similar  but  at  first  less  conspicuous  fold 
makes  its  appearance,  at  a  point  which  will  become  the 
posterior  end  of  the  embryo.  This  fold,  which  travels 
forwards  just  as  the  head-fold  travels  backwards,  is  the 
tailrfold  (Fig.  9,  G), 

In  addition,  between  the  head-  and  the  tail-fold  two 
lateral  folds  appear,  one  on  either  side.  These  are 
simpler  in  character  than  either  head-fold  or  tail-fold, 
inasmuch  as  they  are  nearly  straight  folds  directed 
inwards  towards  the  axis  of  the  body  (Fig.  8,  F),  and  not 
complicated  by  being  crescentic  in  form.  Otherwise  they 
are  exactly  similar,  and  in  fact  are  formed  by  the  con- 
tinuations of  the  head-  and  tail-folds  respectively. 

As  these  several  folds  become  more  and  more  de- 
veloped, the  head-fold  travelling  backwards,  the  tail- 
fold  forwards,  and  the  lateral  folds  inwards,  they  tend  to 
unite  in  the  middle  point ;  and  thus  give  rise  more  and 
more  distinctly  to  the  appearance  of  a  small  tubular 
sac  seated  upon,  and  connected,  by  a  continually-nar- 
rowing hollow  stalk,  with  that  larger  sac  which  is  formed 
by  the  extension  of  the  rest  of  the  blastoderm  over  the 
whole  yolk. 

The  smaller  sac  we  may  call  the  "  embryonic  sac," 
the  larger  one  "  the  yolk-sac."  As  incubation  proceeds, 
the  smaller  sac  (Fig.  9)  gets  larger  and  larger  at  the 
expense  of  the  yolk-sac  (the  contents  of  the  latter  being 
gradually  assimilated  by  nutritive  processes  into  the 
tissues  forming  the  growing  walls  of  the  former,  not 
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directly  transferred  &om  one  cavity  into  the  other). 
WitfaiD  a  day  or  two  of  the  hatching  of  the  chick,  at  a 
time  when  the  yolk-sac  is  stiU  of  some  considerable  size, 
or  at  least  has  not  yet  dwindled  away  altogether,  and 
the  development  of  the  embiyooic  sac  is  nearly  com- 
plete, the  yolk-sac  (Fig.  9,  N)  is  slipped  into  the  body 
of  the  embryo,  so  that   ultimately  the  embryonic   sac 


The  embryo,  then,  is  formed  by  a  folding-off  of  a 
portion  of  the  blastoderm  from  the  yolk-sac.  The 
general  outline  of  the  embryo  is  due  to  the  direction 
and  shape  of  the  several  folds  which  share  in  its  foim^ 
tion ;  these,  wlule  preserving  a  nearly  perfect  bilateral 
synimetry,  present  marked  differences  at  the  two  ends 
of  the  embryo.  Hence  &om  the  very  6rst  there  is  no 
difficulty  in  distinguishing  the  end  which  will  be  the 
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a  siinple  sac  might  perhaps  be  roughly  taken  to  repre- 
sent the  body  of  many  an  invertebrate  animal ;  but  the 
typical  structure  of  a  bird  or  other  vertebrate  animal  is 
widely  diflferent.  It  may  very  briefly  be  described  as 
follows. 

First  there  is,  above,  a  canal  running  lengthways 
along  the  body,  in  which  are  lodged  the  brain  and 
spinal  cord.  Below  this  neural  tube  is  an  axis  repre- 
sented by  the  bodies  of  the  vertebrae  and  their  con- 
tinuation forwards  in  the  structures  which  form  the  base 
of  the  skull.  Underneath  this,  again,  is  another  tube 
closed  in  above  by  the  axis,  and  on  the  sides  and  below 
by  the  body-walls.  Enclosed  in  this  second  tube,  and 
suspended  from  the  axis,  is  a  third  tube,  consisting  of 
the  alimentary  canal  with  its  appendages  (liver,  pan- 
creas, lungs,  &c.,  which  are  fundamentally  mere  diver- 
ticula from  one  simple  canal).  The  cavity  of  the  outer 
tube,  which  also  contains  the  heart  and  other  parts  of 
the  vascular  system,  is  the  general  body  cavity ;  it  con- 
sists of  a  thoracic  or  pleural,  and  an  abdominal  or  peri- 
toneal section ;  these  two  parts  are,  however,  from  their 
mode  of  origin,  portions  of  one  and  the  same  tube. 
Thus  a  transverse  section  of  a  vertebrate  animal  always 
shews  the  same  fundamental  structure :  above  a  single 
tube,  below  a  double  tube,  the  latter  consisting  of  one 
tube  enclosed  within  another,  the  inner  being  the  ali- 
mentary canal,  the  outer  the  general  cavity  of  the  body. 
Into  such  a  triple  tube  the  simple  tubular  embryonic 
sac  of  the  chick  is  converted  by  a  series  of  changes  of  a 
remarkable  character. 

The  upper  or  neural  tube  is  formed  in  the  following 
way.     At  a  very  early  period  the  upper  layer  of  the 
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blafitoderm  or  epiblast  in  the  r^on  which  will  become 
the  embryo,  is  raised  up  into  two  ridges  or  folds,  which 
run  parallel  to  each  other  at  a  short  distance  on  either 
aide  of  what  wiD  be  the  long  axis  of  the  embryo,  and 
thus  leave  between  them  a  shallow  longitudinal  groove 
(Fig.  9,  B,  also  Figs.  21,  m.c}.  As  these  ridges,  which 
bear  the  name  of  Toediiilary  folds,  increase  in  height 
they  arch  over  towards  each  other,  and  evenhially  meet 
and  coalesce  in  the  middle  line,  thus  converting  the 
groove  into  a  canal,  which  at  the  same  time  becomes 
closed  at  either  end  (E'ig.  J»,  F.  I,  also  Fig.  34.  Me). 
The  cavity  so  formed  is  the  cavity  of  the  neural  tube, 
and  eventually  becomes  the  cerebro-spioal  canaL  Its 
walls  are  wholly  formed  of  epiblast. 

The  lower  double  tube,  that  of  the  alimentary  canal, 
and  of  the  general  cavity  of  the  body,  is  formed  in  an 
different   way.     It    is.    broadly    sneaking,  the 
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to  an  increase  in  the  middle  layer  or  mesoblast,  while 
at  the  same  time  it  becomes  split  or  cleft  horizontally 
over  the  greater  part  of  its  extent  into  two  leaves,  an 
upper  leaf  and  a  lower  leaf.  In  the  neighbourhood  of 
the  axis  of  the  body,  beneath  the  neural  tube,  this 
cleavage  is  absent  (Fig.  9,  B ;  also  Figs.  24,  34),  in  fact, 
it  b^ins  at  some  little  distance  on  either  side  of  the 
axis  and  spreads  thence  into  the  periphery  in  all  direc- 
tions. It  is  along  the  mesoblast  that  the  cleavage 
takes  place,  the  upper  part  of  the  mesoblast  uniting 
with  epiblast  to  form  the  upper  leaf,  and  the  lower 
part  with  the  hypoblast  to  form  the  lower  leaf 

In  the  fundamental  folds  both  leaves  are  involved, 
both  leaves  are  folded  downwards  and  inwards,  both 
leaves  tend  to  meet  in  the  middle  below;  but  the 
lower  leaf  is  folded  in  more  rapidly,  and  thus  diverges 
firom  the  upper  leaf,  a  space  being  gradually  developed 
between  them  (Fig.  9).^  In  course  of  time  the  several 
folds  of  the  lower  leaf  meet  and  unite  to  form  an  inner 
tube  quite  independently  of  the  upper  leaf,  whose  own 
folds  in  turn  meet  and  unite  to  form  an  outer  tube 
separated  from  the  inner  one  by  an  intervening  space. 
The  inner  tube  which  from  its  mode  of  formation  is 
clearly  lined  by  hypoblast  is  the  alimentary  canal  which 
is  subsequently  perforated  at  both  ends  to  form  the 
mouth  and  anus ;  the  walls  of  the  outer  tube  are  the 
waUs  of  the  body ;  and  the  space  between  the  two  tubes 
is  the  general  body  or  pleuroperitoneal  cavity. 

Hence  the  upper  (or  outer)  leaf  of  the  blastoderm, 
from  its  giving  rise  to  the  body-walls,  is  called  the 
9omatoplewre  * ;  the  lower  (or  inner)  leaf,  from  its  forra- 

^  Soma,  body,  pUuroUy  side. 
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iog  the  alimentarr  can&l  and  hs  tiibutaiy  visceta,  the 
aplatichnopleure '. 

This  horizontal  spiittiiig  of  the  blastodenn  into  a 
somatopleure  and  a  splauchnoplenre,  which  ire  sball 
hereafter  speak  of  as  Uie  cleavage  of  the  mesoUoaf,  is 
not  confined  to  the  region  of  the  emlnyo,  bat  gradually 
extends  over  the  whole  of  the  yolk-sac  Hence  in  the 
later  days  of  incubation  the  yolk-sac  conies  to  have 
two  distinct  coats,  an  inner  splanchnopleuric  and  an 
outer  somatopleuric,  separable  from  each  other  all 
over  the  saa  We  have  seen  that,  owing  to  the 
manner  of  its  formation,  the  'embryonic  sac'  is  con- 
nected with  the  '  yolk-sac '  by  a  continually  narrowing 
hollow  stalk ;  but  this  stalk  must,  like  the  embrycmic 
sac  itself,  be  a  double  stalk,  and  conaist  of  a  amaller 
inner  stalk   within  a  larger  outer  cue.  Fig.  9,  E,H. 
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body  of  the  chick  is  continuous  with  the  narrow  space 
between  the  two  investments  of  the  yolk-sac. 

At  a  comparatively  early  period  the  canal  of  the 
splanchnic  stalk  becomes  obliterated,  so  that  the 
material  of  the  yolk  can  no  longer  pass  directly  into 
the  alimentary  cavity,  but  has  to  find  its  way  into 
the  body  of  the  chick  by  absorption  through  the  blood- 
vessels. The  somatic  stalk,  on  the  other  hand,  remains 
widely  open  for  a  much  longer  time ;  but  the  somatic 
shell  of  the  yolk-sac  never  undergoes  that  thickening 
which  takes  place  in  the  somatic  walls  of  the  embryo 
itself;  on  the  contrary,  it  remains  thin  and  insignificant. 
When,  accordingly,  in  the  last  days  of  incubation  the 
greatly  diminished  yolk-sac  with  its  splanchnic  invest- 
ment is  withdrawn  into  the  rapidly  enlarging  abdominal 
cavity  of  the  embryo,  the  walls  of  the  abdomen  close 
in  and  unite,  without  any  regard  to  the  shrivelled, 
emptied  somatopleuric  investment  of  the  yolk-sac, 
which  is  cast  oflF  as  no  longer  of  any  use.  (Fig.  9.  Com- 
pare the  series.) 

The  AmnioiL  Very  closely  connected  with  the 
cleavage  of  the  mesoblast  and  the  division  into  soma- 
topleure  and  splanchnopleure,  is  the  formation  of  the 
amnion,  all  mention  of  which  was,  for  the  sake  of 
simplicity,  purposely  omitted  in  the  description  just 
given. 

The  amnion  is  a  peculiar  membrane  enveloping  the 
embryo,  which  takes  its  origin  from  certain  folds  of 
the  somatopleure,  and  of  the  somatopleure  only,  in  the 
following  way. 

At  a  time  when  the  cleavage  of  the  mesoblast  has 
somewhat  advanced,  there  appears,  a  little  way  in  front 
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of  the  semiluoar  head-fold,  a  second  fold  (Fig.  22,  also 
Fig.  9,  <7.),  runmng  more  or  less  parallel  or  rather  con- 
centric with  the  first,  and  not  unlike  it  in  general 
appearance,  though  differing  widely  from  it  in  nature. 
In  the  head-fold  the  whole  thickness  of  the  blastoderm 
is  involved;  in  it  both  somatopleure  and  Bplanchno- 
pleure  (where  they  exist,  i.e  where  the  mesoUast  is 
cleft)  take  part  This  second  fold,  on  the  contraty,  is 
limited  entirely  to  the  somatopleure.  Compare  Figs. 
9  and  10.  In  firont  of  the  head-fold,  and  therefore  alto- 
gether in  &ont  of  the  body  of  the  embryo,  the  somato- 
pleure is  a  very  thin  membrane,  consisting  only  of 
(jpiblast  and  a  very  thin  layer  of  mesoblast ;  and  the 
fold  we  are  speaking  of  is,  in  consequence,  itself  thin 
and  delicate.  Rising  up  as  a  semilunar  fold  with  ita 
concavity  directed  towards  the  embryo  (Fig.  9,  C,  of), 
ns  it  increases  in  height  it  is  gradually  drawn   back- 
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TERiOB  ISO  or  AN  Embbto  Bird,  at  the  time!  of  the 
roKUATiOK  OF  THE  Allantois. 

ep.  epiblaat ;  Sp.c.  spinal  canal ;  ch.  notochord ;  n,<.  neurenteric 
eaaal ;  Ay.  hypoblast ;  p.a.g.  postanal  gut ;  pr.  remaina  of 
primitive  etreak  folded  in  on  the  ventral  side ;  at.  allantois  ; 
me.  mesoblaat;  an.  point  where  anua  will  be  formed  ;  p,c. 
perivisceral  cavity  ;  am.  anmion ;  lo.  somatopleure  ;  ep. 
splanohnopleure . 

Each  fold,  of  course,  necessarily  consists  of  two 
limbs,  both  limbs  consisting  of  epiblast  and  a  very  tliin 
layer  of  mesoblast ;  but  in  one  limb  the  epiblast  looks 
towards  the  embryo,  while  in  the  other  it  looks  away 
from  it.  The  space  between  the  two  limbs  of  the  fold, 
aa  can  easily  be  seen  in  Figs.  9  and  11,  is  really  part 
of  the  space  between  the  somatopleure  and  splancb- 
nopleure;  it  ia  therefore  continuous  with  the  general 
space,  part  of  which  afterwards  becomes  the  pleuro- 
peritoneal  cavity  of  the  body,  shaded  with  dote  in 
figure  9  and  marked  (pp).  It  is  thus  possible  to 
pass  from  the  cavity  between  the  two  limbs  of  each 
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fold  of  tbe  amnion  into  the  cavity  which  Bunounds 
the  alimentary  canal.  When  the  several  folds  meet 
and  coalesce  together  above  the  embryo,  they  unite 
in  such  a  way  that  all  their  inner  limbs  go  to  form  a 
continuous  inner  membrane  or  sac,  and  all  their  outer 
limbs  a  dmilarly  continuous  outer  membrane  or  sac. 
The  inner  membrane  thus  built  up  forms  a  completely 
closed  sac  round  the  body  of  the  embryo,  and  is  called 
the  amniotic  sac,  or  amnion  proper  (Fig.  9,  H,  I,  &0.  a.), 
and  the  fluid  which  it  afterwards  contains  ia  called 
the  amniotic  fluid,  or  liquor  amnii.  The  space  between 
the  inner  and  outer  sac,  being  formed  by  the  united 
cavities  of  the  several  folds,  is,  from  the  mode  of  its 
formation,  simply  a  part  of  the  general  cavity  found 
everywhere  between  aomatopleure  and  splanchnopleure. 
The  outer  sac  over  the  embryo  lies  close  under  the 
vitelline   membrane,  while    its    periphery   is  gradually 
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flattened  sac  projecting  into  the  pleuroperitoneal  cavity, 
the  walls  of  the  sac  being  formed  of  a  layer  of  splanchnic 
mesoblast  lined  by  hypoblast. 

It  grows  forwards  in  the  peritoneal  cavity  until  it 
reaches  the  stalk  connecting  the  embryo  with  the  yolk- 
sac,  and  thence  very  rapidly  pushes  its  way  into  the  space 
between  the  true  and  false  anmiotic  sacs  (Fig.  9,  6,  K). 
Curving  over  the  embryo,  it  comes  to  lie  above  the 
embryo  and  the  amnion  proper,  separated  firom  the 
shell  (and  vitelline  membrane)  by  nothing  more  than 
the  thin  false  amnion.  In  this  position  it  becomes 
highly  vascular,  and  performs  the  functions  of  a  respi- 
ratory organ.  It  is  evident  that  though  now  placed 
quite  outside  the  embryo,  the  space  in  which  it  lies  is  a 
continuation  of  that  peritoneal  cavity  in  which  it  took 
its  origin. 

It  is  only  necessary  to  add,  that  the  serous  mem- 
brane, including  the  false  amnion,  either  coalesces  with 
the  vitelline  membrane,  in  contact  with  which  it  lies, 
or  else  replaces  it ;  and  in  the  later  days  of  incubation 
was  called  by  the  older  embryologists  the  chorion — a 
name  however  which  we  shall  not  adopt. 


CHAPTER    m. 

THE  CHANGES   WHICH   TAKE   PLACE  DURING  THE   FIB8T 
DAY  OP  INCUBATIOM. 

DoRlNo  the  descent  of  the  ^^  along  the  ovidact, 
where  it  ia  espOBed  to  a  temperature  of  about  40*  C,  the 
germinal  disc,  as  we  have  seen,  undergoes  important 

changes.     Wbeii  the  egg  is  lai<l  and  becomes  cold  thet 
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dates  of  the  several  changes  are,  within  the  limits  of 
some  hours,  very  uncertain,  particularly  in  the  first  few 
days ;  one  egg  being  found,  for  example,  at  36  hours  in 
the  same  stage  as  another  at  24  or  30  hours,  or  a  third 
at  40  or  48  hours.  When  we  speak  therefore  of  any 
event  as  taking  place  at  any  given  hour  or  part  of  any 
given  day,  we  are  to  be  understood  as  meaning  that 
such  an  event  will  generally  be  found  to  have  taken 
place  at  about  that  time.  We  introduce  exact  dates , 
for  the  convenience  of  description. 

The  changes  which  take  place  during  the  first  day 
will  be  most  easily  considered  under  several  periods. 

From  the  1st  to  about  the  8th  hour.— During  this 

period  the  blastoderm,  when  viewed  from  above,  is 
found  to  have  increased  in  size.  The  pellucid  area, 
which  at  the  best  is  but  obscurely  marked  in  the  unin- 
cubated  egg,  becomes  very  distinct  (the  central  opacity 
having  disappeared),  and  contrasts  strongly  with  the 
opaque  area,  which  has  even  still  more  increased  both 
in  distinctness  and  size. 

For  the  first  few  hours  both  the  pellucid  and  opaque 
areas  remain  approximately  circular,  and  the  most  im- 
portant change,  besides  increase  in  size  and  greater 
distinctness  which  can  be  observed  in  them,  is  a  slight 
ill-defined  opacity  or  loss  of  transparency,  which  makes 
its  appearance  in  the  hinder  half  of  the  pellucid  area. 
This  is  known  as  the  emhryonic  shield. 

Slight  as  are  the  changes  which  can  at  this  stage  be 
seen  firom  surface  views,  sections  taken  from  hardened 
specimens  bring  to  light  many  most  important  changes 
in  the  nature  and  arrangement  of  the  constituent 
cells. 

F.  A  B.  4 
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result  in  the  formation  of  the  three  layers  of  the  blasto- 
derm. 

The  upper  layer,  which  is  the  ^blast  already 
spoken  of  (Fig.  13),  takes  at  first  but  little  share  in 
these  changes. 

In  the  lower  layer,  however,  certain  of  the  cells 
begin  to  get  flattened  horizontally,  their  granules  become 
less  niunerous,  and  the  nucleus  becomes  distinct;  the 
cells  so  altered  cohere  together  and  form  a  membrane. 
The  membrane  thus  formed,  which  is  first  completed  in 

Fig.  13. 


Traxsverse  Section  through  the  Blastoderm  op  a  Chick 

BEFORE  the  APPEARANCE  OP  THE  PrIMITIVB  StREAK. 

The  epiblast  is  represented  somewhat  diagrammatically.  The 
hyphens  shew  the  points  of  junction  of  the  two  halves  of  the 
section.  The  hypoblast  is  already  constituted  aa  a  membrane  of 
flattened  cells,  and  a  number  of  scattered  cells  are  Been  between 
it  and  the  epiblast. 

the  centre  of  the  pellucid  area,  constitutes  the  hypoblast 
Between  the  hypoblastic  membrane  and  the  epiblast 
there  remain  a  number  of  scattered  cells  (Fig.  13)  which 
cannot  however  be  said  to  form  a  definite  layer  altogether 
distinct  from  the  l^ypoblast.  They  are  almost  entirely 
confined  to  the  posterior  part  of  the  area  pellucida,  and 

4-2 
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give  rise  to  the  opacity  of  that  part,  which  wo  have 
spoken  of  as  the  embiyonic  shield. 

At  the  edge  of  the  area  pellucida  the  hypoblast 
becomes  contiiiuouB  with  a  thickened  rim  of  material, 
underlying  the  epiblast,  and  derived  from  the  original 
thickened  edge  of  the  blastoderm  and  the  subjacent 
yolk.  It  is  mainly  formed  of  yolk  granules,  with  a 
varying  number  of  cells  and  nuclei  imbedded  in  it.  It 
is  known  as  the  germinal  waU,  and  is  spoken  of  more  in 
detail  on  pp.  65  and  66. 

The  epiblast  is  the  HontUaa  (oomeal  Ujer),  and  the  hypo- 
blast the  DarmdriUenblaU  (epithelial  glandular  layer)  of  the 
Oermans,  while  thoea  parts  of  the  moaoblast  which  take  part  in 
the  fonuation  of  the  aomatopleure  and  aplandmopleure  cor- 
respond respeotivelj  to  the  ffaut-mntiel-pUUie  and  Darm-fattr- 

All  blood-vewst'la  arise  in  the  meaoblast.     Hence  tl 
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latter  structure,  and  its  relation  to  the  embryo,  can  how- 
ever only  be  understood  by  comparison  with  the  develoji- 
ment  of  the  lower  forms  of  vertebrate  life. 

It  will  be  remembered  that  in  surface  views  of  the 
nnincubated  blastoderm  a  small  axe,  at  what  we  stated 
to  be  the  posterior  end,  close  to  the  junction  between 
the  area  opaca  and  the  area  pellucida  is  distinguished 
by  its  more  opaque  appearance.  In  tbe  surface  view 
the  primitive  streak  appears  as  a  linear  opacity,  which 
gradually  grows  forwards  from  the  middle  of  this  arc 
till  it  reaches  about  oue-third  of  the  diameter  of  the 


Abba  PsLLUcmA  of  a  vxry  youkq  Bi-astodebu  of  a  Chick, 
BEEwiNQ    THE    Primitive   Streak  bhorili  after  na 

nSST  AFFBARANC&. 

pr,i,  primitive  streak  ;  ap.  area  pellucida ;  a.op.  area  opuca. 

area  pellucida.  During  the  formation  of  the  primitive 
streak  the  embryonic  shield  grows  fainter  and  finally 
vanishes.  When  definitely  estabhshed  the  primitive 
streak  has  the  appearance  diagrammatical  ly  represented 
in  Fig.  H. 
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Sections  at  this  stage  throw  a  veiy  important  light 
on  the  nature  and  mode  of  origin  of  the  primitiTe 
streak.  In  the  region  in  front  of  it  the  blastoderm  is 
etill  formed  of  two  layers  only,  but  in  the  region  of  the 
streak  itself  the  structure  of  the  blastoderm  is  greatly 
altered.  The  most  important  features  in  it  are  repre- 
sented in  Fig.  15.     This  figure  shews  that  the  median 
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In  addition  to  the  cells  clearly  derived  from  the 
epiblast,  there  are  certain  other  cells  (Fig.  15),  closely 
adjoining  the  hypoblast ;  these  are  derivatives  of  the 
cells,  interposed  between  the  epiblast  and  hypoblast, 
which  gave  rise  to  the  appearance  of  the  embryonic 
shield  during  the  previous  stage.  In  our  opinion  these 
cells  also  have  a  share  in  forming  the  Aiture  meso- 
blast 

It  thus  appears  that  the  primitive  streak  is  essen- 
tially a  linear  proliferation  of  epiblast  cells;  the  cells 
produced  being  destined  to  give  rise  to  the  mesoblast 
This  proliferation  first  commences  at  the  hinder  end  of 
the  area  pellucida,  and  thence  proceeds  forwards. 

While  the  primitive  streak  is  being  established,  the 
epiblast  becomes  two  or  more  rows  of  cells  deep  in  the 
region  of  the  area  pellucida. 

Soon  after  this,  the  hitherto  circular  pellucid  area 
becomes  oval  (the  opaque  area  remaining  circular).  The 
oval  is,  with  remarkable  regularity,  so  placed  that  its 
long  axis  forms  a  right  angle,  or  very  nearly  a  right 
angle,  with  the  long  axis  of  the  egg  itself.  Its  narrow 
end  corresponds  with  the  future  hind  end  of  the  embryo. 
If  an  egg  be  placed  with  its  broad  end  to  the  right  hand 
of  the  observer,  the  head  of  the  embryo  will  in  nearly 
all  cases  be  found  pointing  away  from  him. 

The  12th  to  the  16th  hour.  The  primitive  streak 
at  its  first  appearance  is  shadowy  and  ill-defined;  gradu- 
ally however  it  becomes  more  distinct;  and  during  the 
same  period  the  pellucid  area  rapidly  increases  in  size, 
and  from  being  oval  becomes  pear-shaped  (Fig.  16).  The 
primitive  streak  grows  even  more  rapidly  than  the 
pellucid  area;  so  that  by  the  16th  hour  it  is  not  only 
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the  bottom  of  which,  being  thinner  than  the  sides, 
appears  more  transparent  when  viewed  with  transmitted 
light.  It  is  known  as  the  primitive  groove.  Its  depth 
and  the  extent  of  its  development  are  subject  to  great 
variations. 

During  these  changes  in  external  appearance  there 
grow  from  the  edges  of  the  cord  of  cells  constituting  the 
primitive  streak  two  lateral  wings  of  mesoblast  cells, 
which  gradually  extend  till  they  reach  the  sides  of  the 
area  pellucida  (Fig.  17).  The  two  wings  of  mesoblast 
meet  along  the  line  of  the  primitive  streak,  where  they 
still  remain  attached  to  the  epiblast.  During  this  period 
many  sections  through  the  primitive  streak  give  an 
impression  of  the  mesoblast  being  involuted  along  the  lips 
of  a  groove.  The  hypoblast  below  the  primitive  streak 
is  always  quite  independent  of  the  mesoblast  above, 
though  much  more  closely  attached  to  it  in  the  median 
line  than  at  the  sides.  The  part  of  the  mesoblast,  which 
we  believe  to  be  derived  from  the  primitive  lower  layer 
cells,  can  generally  be  distinctly  traced.  In  many  cases, 
especially  at  the  front  end  of  the  primitive  streak,  it 
forms,  as  in  Fig.  17,  a  distinct  layer  of  stellate  cells,  quite 
unlike  the  rounded  cells  of  the  raesoblastic  involution 
of  the  primitive  streak. 

In  the  region  in  front  of  the  primitive  streak,  where 
the  first  trace  of  the  embryo  will  shortly  appear,  the 
layers  at  first  undergo  no  important  changes,  except 
that  the  hypoblast  becomes  somewhat  thicker.  Soon, 
however,  as  shewn  in  longitudinal  section  in  Fig.  18,  the 
hypoblast  along  the  axial  line  becomes  continuous  be- 
hind with  the  front  end  of  the  primitive  streak.  Thus 
at  this  point,  which  is  the   future  hind   end   of  the 
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Fio.  17. 

Transvebse  Section  through  the  Front  End  of  the  Pri- 
laTiYE  Stbeak  of  a  Blastoderm  of  the  same  age  as 
Fig.  16. 

pr.  primitiTe  groove ;  m.  mesoblast ;  ep,  epiblast ;  hy,  hypo- 
blAflt ;  yh,  yolk  of  germinal  wall 

Fio.  18. 

LoNGrruDiNAL  Section  through  the  Axial  Line  of  the 
pRDfinvE  Streak,  and  the  Part  of  the  Blastoderm 
IN  Front  of  it,  of  the  Blastoderm  of  a  Chick  some- 
what younger  than  Fig.  19. 

fr.«.  primitive  streak ;  ep,  epiblast ;  hy.  hypoblast  of  region  in 
front  of  primitive  streak ;  n.  nuclei ;  yh.  yolk  of  germinal 
walL 

embryo,  the  mesoblast,  the  epiblast,  and  the  hypoblast 
all  unite  together. 

From  the  16th  to  the  20th  hours.    At  about  the 

16th  hour,  in  blastoderms  of  the  stage  represented  in 
Fig.l  6,  an  important  change  takes  place  in  the  constitution 
of  the  primitive  hypoblast  in  front  of  the  primitive  streak. 
The  rounded  cells,  of  which  it  is  at  first  composed  (Fig. 
18),  break  up  into  (1)  a  layer  formed  of  a  single  row  of 
more  or  less  flattened  elements  below — the  hypoblast 
proper — and  (2)  into  a  layer  formed  of  several  rows  of 
stellate  elements,  between  the  hypoblast  and  the  epiblast 
— the  mesoblast  (Fig.  19m).  A  separation  between  these 
two  layers  is  at  first  hardly  apparent,  and  before  it  has 
become  at  all  well  marked,  especially  in  the  median  line, 
an  axial  opaque  line  makes  its  appearance  in  surface 
views,  continued  forwards  from  the  front  end  of  the 
primitive  streak,  but  stopping  short  at  a  semicircular 
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Tranbversb  Sgcttioit  thbocqh  the  Evbbionio  Rkoion  or 
THB  Blastodebu  or  a  Chick  bhortly  pkior  to  thb 
Formation  or  thb  Meddllabt  Qbootx  and  Noto- 
chobd. 

tn.  medisJi  line  of  the  eeddon  ;  ep.  epiblost ;  1.1.  lower  lajer  cells 
(primitive  hjpoblaat)  not  ;et  completely  difierentiated  into 
mesoblast  and  hypoblast ;  n.  nuclei. 

Told — the  future  head-fold — near  the  front  end  of  the 
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Fio.  20. 


TBANSVEBfiE  SeCRFION  THROUGH  THE  EkBRTONIO  ReGION  OF  THE 

Blastoderm  of  a  Chick  at  the  time  of  the  formation 
of  the  notochord,  but  before  the  appearance  of 
THE  Medullary  Groove. 

ep.  epiblast ;    Ay.  hypoblast ;    ch.  notochord  ;     me.   mesoblast ; 
yi.  yolk  of  germinal  wall. 


Fio.  21. 


Transverse  Section  of  a  Blastoderm  incubated  for 

18  HOURS. 

The  section  passes  through  the  medullary  groove  mc.,  at  some 
distance  behind  its  front  end. 

A.  Epiblast.    B.  Mesoblast    C.  Hypoblast. 

nLC  medullary  groove  ;  m./.  medullary  fold ;  ck.  notochord. 
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I  that  the  uotochord  originates  suDultaneousl;  with  the 
mesoblast,  with  which  itis  at  first  coDtiiiuous,as  a  median 
plate  similarly  of  hypoblaatic  origin. 

K6Uiker '  holds  that  the  mesoblast  of  the  region  of  the  em- 
bryo is  derived  from  a  forward  growth  from  the  primitive  etreak. 
There  is  no  theoretical  objection  to  this  view,  and  we  think  it  would 
be  impossible  to  show  for  certain  bj  sectioos  whether  or  no 
there  is  a  growth  such  as  be  describee ;  but  such  sections  as  that 
represented  in  Fig.  19  (and  wa  have  series  of  such  sections  from 
several  embryos)  appear  to  us  to  be  conclusive  in  favour  of  the 
view  that  the  mesoblast  of  the  region  of  the  embryo  is  to  a  large 
extent  derived  from  a  differentiation  of  the  primitive  hypoblast. 
The  mesoblast  of  the  primitive  streak  forma  in  part  the  vascular 
structurea  found  in  the  area  pellucida,  and  probably  also  in  port 
the  mesoblast  of  the  allantoia. 

The  differentiation  of  the  embryo  may  be  said  to 
commence  with  the  formation  of  the  notochord  and  the 

lat^^riil  plates  of  mesoblast.     Very  shortly  after  the  for- 
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groove  "with  sloping  diverging  walls,  which  embrace  be- 
tween them  the  front  end  of  the  primitive  streak. 
Passing  forwards  towards  what  will  become  the  head 
of  the  embryo  the  groove  becomes  narrower  and  deeper 
with  steeper  walls.  On  reaching  the  head-fold  (Fig.  22), 
which  continually  becomes  more  and  more  prominent, 
the  medullary  folds  curve  round  and  meet  each  other  in 
the  middle  line,  so  as  to  form  a  somewhat  rounded  end 
to  the  groove.  In  front  therefore  the  canal  does  not 
become  lost  by  the  gradual  flattening  and  divergence  of 
its  walls,  as  is  the  case  behind,  but  has  a  definite  termi- 
nation, the  limit  being  marked  by  the  head-fold. 

In  front  of  the  head-fold,  quite  out  of  the  region  of 
the  medullary  folds,  there  is  usually  another  small  fold 
formed  earlier  than  the  head-fold,  which  is  the  begin- 
ning of  the  amnion  (Fig.  22). 

The  appearance  of  the  embryo  and  its  relation  to 
the  surrounding  parts  are  somewhat  diagrammatically 
represented  in  Fig.  22.  The  primitive  streak  now  ends 
with  an  anterior  swelling  (not  represented  in  the  figure), 
and  is  usually  somewhat  unsymmetrical.  In  most  cases 
its  axis  is  more  nearly  continuous  with  the  left,  or 
rarely  the  right,  medullary  fold  than  with  the  medullary 
groove.  In  sections  its  front  end  appears  as  a  ridge  on 
one  side  or  rarely  in  the  middle  of  the  floor  of  the  wide 
medullary  groove. 

The  general  structure  of  the  developing  embryo  at 
the  present  stage  is  best  understood  from  such  a  section 
as  that  represented  in  Fig.  21.  The  medullary  groove 
(m.  c.)  lined  by  thickened  epiblast  is  seen  in  the  median 
line  of  the  section.  Below  it  is  placed  the  notochord  (cA), 
which  at  this  stage  is  a  mere  rod  of  cells,  and  on  each 
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side  are  situated  the  mesoblastic  plates  (6).  The  hypo- 
blast forms  a  continuous  and  nearly  fiat  layer  below. 

While  the  changes  just  described  have  been  occur- 
ring in  the  area  pellucida,  the  growth  of  the  area  opaca 
has  also  progressed  actively.  The  epiblast  has  greatly 
extended  itself,  and  important  changes  have  taken  place 
in  the  constitution  of  the  germinal  wall  already  spoken 
of. 

The  mesoblast  and  hypoblast  of  the  area  opaca  do 
not  arise  by  simple  extension  of  the  corresponding  layers 
of  the  area  pellucida ;  but  the  whole  of  the  hypoblast 
of  the  area  opaca,  and  a  large  portion  of  the  meso- 
blast, and  possibly  even  some  of  the  epiblast,  take  their 
origin  from  the  peculiar  material  which  forms  the 
germinal  wall  and  which  is  continuous  with  the  hypo- 
blast at  the  edge  of  the  area  opaca  (vide  figs.  15,  17, 
18,  19,  20). 

The  exact  nature  of  this  material  has  been  the  subject  of 
many  controversies.  Into  these  controversies  it  is  not  our  purpose 
to  enter,  but  subjoined  are  the  results  of  our  own  examination. 
The  germinal  wall  first  consists,  as  already  mentioned,  of  the 
lower  cells  of  the  thickened  edge  of  the  blastoderm,  and  of  the 
subjacent  yolk  material  with  nuclei.  During  the  period  before 
the  formation  of  the  primitive  streak  the  epiblast  appears  to 
extend  itself  over  the  yolk,  partly  at  the  expense  of  the  cells  of 
the  germinal  wall,  and  possibly  even  of  cells  formed  around  the 
nuclei  in  this  part.  The  cells  of  the  germinal  wall,  which  are  at 
first  well  separated  from  the  yolk  below,  become  gradually  ab- 
sorbed in  the  growth  of  the  hypoblast,  and  the  remaining  cells 
and  yolk  then  become  mingled  together,  and  constitute  a  com- 
pound structure,  continuous  at  its  inner  border  with  the  hypo- 
blast. This  structure  is  the  germinal  wall  usually  so  described. 
It  is  mainly  formed  of  yolk  granules  with  numerous  nuclei,  and 
a  somewhat  variable  number  of  rather  large  cells  imbedded 

P.  &  B.  5 
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One  faaedoa  of  ita 
for  the  growth 


Tz~  iiS-i  events  tt^a  o:  tae  seu>Dd  period  oi  the 
tjt:  i^j  u^  :be  *ppe»i»ax  at  ibe  medullaiy  folds 
^^i  rr:oT':.  :2ic  rdcmuioD  of  the  Dotodtonl  and  lateral 
pU'es  :  i  mesobUst.  ihe  be^giniui^  at  the  bead-fold  and 
'.•'-•"-   acd  ih$  hiaoloeii:^  chaises  takii^  place  io  the 

From  the  20tlt  to  Urn  a4tlL  hoar.      A    new  tA 


hl]  the  medullary  canal, 

Fio.  33. 


DoBUIi  ViKW  OF  THB  HABDGNED  AREA.  PELLUCIDA  OF  A  ChICE 

WITH    FivB     Mbbobusxic    SoMiTBa.      Thb    Meddllaby 
Folds  hatb  met  fob  fakt  op  theib  extent,  bdi  hatb 
not  dnited. 
a.fr.  anterior  part  of  the  primitive  atreak  ;  p.^f.  posterior  pBrt 
of  the  primitive  streak. 

Jfc).  It  is  not  completely  closed  in  till  a  period  con- 
siderably later  than  the  one  we  are  considering. 

Meanwhile  important  changes  are  taking  place  in 
Uie  axial  portions  of  the  mesoblast,  which  lie  on  each 
nde  of  the  notochord  beneath  the  medullary  folds. 

In  an  embryo  of  the  middle  period  of  this  day, 
examined  with  transmitted  light,  the  notochord  is 
seen  at  the  bottom  of  the  medullary  groove  between 
the  medullary  folds,  as  a  transparent  line  shining 
through  the  floor  of  the  groove  when  the  embryo  is 
viewed  from  above.  On  either  side  of  the  notochcod 
the  body  of  the  embryo  appears  somewhat  opaque, 
5—2 
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owing  to  the  thickness  of  the  medullary  folds;  as 
r,h(.-H<:  folds  slope  awa;  outwards  on  either  side,  so 
the  opacity  gradually  fades  away  in  the  pellucid  area. 
TIjitc-  is  present  at  the  sides  no  sharp  line  of  demarca- 
tiiiii  between  the  body  of  the  embryo  and  the  rest  of 
llu'  area;  nor  will  there  be  any  till  the  lateral  folds 
iittiko  their  appearance;  and  transverse  vertical  sections 
slii'w  (Fig.  21)  that  there  ie  no  break  in  the  mesoblast, 
liHtii  the  notochord  to  the  margin  of  the  pellucid  area, 
lull  only  a  gi-adual  thinning. 

I  tilling  the  latter  period  of  the  day,  however,  the 
I'hiti's  iif  iiiesoblast  on  either  side  of  the  notochord 
U\^iit  111  Ix'  split  horizontally  into  two  layers,  the  one 
,'i  >\hi.'li  iittaohiug  itself  to  the  epiblast,  forms  with 
ii  \\w  x.-'-tHitopl^iir  [.shewn  for  a  somewhat  later  stage 
<ii   !';>;    '.:4V  whilo   the  other,  attaching  itself  to  the 
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enlai^es,  while  that  in  the  vertebral  plate  remains  i 
the  condition  of  a  mere  split. 


Trakbtsb&b  Section  THBonoH  the  Dorsal  Region  of  as 
Embryo  or  tee  Skcosd  Day  [copied  from  Hia),  intro- 
duced here  to  illustrate  the  formatioa  of  the  meeoblastic 
somitia,  and  the  cleavage  of  the  mesoblast. 

X.  medullaiy  canaj ;  Pv.  meaoblastic  Bomite  ;  lo.  rudiment  of 
Wolffian  duct;  A.  epjblaat;  C.  hypoblast;  Ck.  notoohord  ; 
Ao.  aorta  ;  BO.  Bplanclmopleure. 

At  first  each  vertebral  plate  is  not  only  \inbroken 
along  its  length,  but  also  continuous  at  its  out«r  edge 
with  the  upper  and  lower  layers  of  the  lateral  plate 
of  the  same  side.  Very  soon,  however,  clear  trans- 
verse lines  are  seen,  in  surface  views  (Fig.  23),  stretch- 
ing inwards  across  each  vertebral  plate  from  the  edge 
of  the  Lateral  plate  towards  the  notochord;  while  a 
transparent  longitudinal  line  makes  its  appearance  on 
either  aide  of  the  iiotochord  along  the  line  of  junction 
of  the  lateral  with  the  vertebral  plate. 

The  transverse  lines  are  caused  by  the  formation 
of  vertical  clefts,  that  is  to  say,  narrow  spaces  containing 
nothing  but  clear  fluid ;  and  sections  shew  that  they 
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are  due  to  breaches  of  continuity  in  the  mesoblast 
only,  the  epihlast  and  hypoblast  having  no  share  in  the 
matter. 

Thus  each  vertebral  plate  appears  in  surface  views 
to  be  cut  up  into  a  series  of  square  plots,  bounded  by 
transparent  lines  (Fig.  23).  Each  square  plot  is  the 
surface  of  a  corresponding  cubical  mass  (Fig,  24,  I'd.). 
The  two  such  cubical  masses  first  formed,  lying  one  on 
each  side  of  the  notochord,  beneath  and  a  little  to 
the  outside  of  the  medullary  folds,  are  the  first  pair 
of  mesoblastic  somites'. 

The  mesoblastic  somites  form  the  basis  out  of  which 
the  voluntary  muscles  of  the  trunk  and  the  bodies  of 
the  vertebrae  are  formed. 

The  first  somite  rises  close  to  the  anterior  ex- 
tremity of  the  primitive  streak,  but  the  next  is  stated 
to  arise   in  front  of  this,  so  that  the  first-formed  so- 
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process  the  primitive  streak  undergoes  important 
changes  both  in  itself  and  in  its  relation  to  the  embryo. 
Its  anterior  thicker  part,  which  is  embraced  by  the 
diverging  medullary  folds,  soon  becomes  distinguished 
in  structure  &om  the  posterior  part,  and  is  placed 
symmetrically  in  relation  to  the  axis  of  the  embryo, 
(Fig.  23  apr);  at  the  same  time  the  medullary  folds, 
which  at  first  simply  diverge  on  each  side  of  the 
primitive  streak,  bend  in  again  and  meet  behind  so 
as  completely  to  enclose  this  front  part  of  the  primi- 
tive streak.  The  r^on,  where  the  medullary  folds 
diverge,  is  known  as  the  sinus  rhomboidalis  of  the 
embryo  bird,  though  it  has  no  connection  with  the 
similarly  named  structure  in  the  adult 

This  is  a  convenient  place  to  notice  remarkable  appearances 
which  present  themselves  close  to  thejimction  of  the  neural  plate 
and  the  primiUve  streak  These  are  temporary  passages  leading 
from  the  hinder  end  of  the  neural  groove  or  tube  into  the  alimen- 
tary canaL  They  vary  somewhat  in  different  species  of  birds,  and 
it  is  possible  that  in  some  species  there  may  be  several  openings 
of  the  kind,  which  appear  one  after  the  other  and  then  close  again. 
They  were  first  discovered  by  Gasser,  and  are  spoken  of  as  the 
neurerUenc  passages  or  canals^.  In  all  cases,  with  some  doubtful 
exceptions,  they  lead  roimd  the  posterior  end  of  the  notochord,  or 
through  the  point  where  the  notochord  falls  into  the  primitive 
streak. 

The  largest  of  these  passages  is  present  in  the  embryo  duck 
with  twenty-six  mesoblastic  somites,  and  is  represented  in  the 
series  of  sections  (Fig.  25).  The  passage  leads  obliquely  back- 
wards and  ventralwards  from  the  hind  end  of  the  neural  tube 

1  •*Die  PrimitivBtreifen  bei  Vogelembryonen."  Schrift.  d.  Oesell. 
t.  Brf&rd  d,  Oeiammten  Naturtnts,  zu  Marburg.  Vol.  u.  Supple- 
ment I.     1879. 
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into  the  notoohord,  whore  the  Utter  joius  the  primitiTe  streak 
(6).  A  narrow  diverticulum  from  this  paesage  is  continued  for- 
wude  for  a  short  distcmce  along  the  axia  of  the  ootouhord  (A, 
A).  Aiter  trsTeniog  the  notochord,  the  passage  is  coatiaued 
into  a  hypoblastic  diverticulum,  which  opens  ventrallj  infa)  the 
future  lumen  of  the  alimentary  tract  (C).  Shortly  behind  the 
point  where  the  neurenteric  passage  communicates  with  the 
neural  tube  the  latter  structure  opens  doraally,  and  a  groova  on 
the  Kortux  of  the  primitive  streak  is  continued  backwards  from 
it  for  a  short  distance  {C).  The  first  port  of  this  passage  to 
appear  is  the  bjpoblaatic  divertioulum  above  mentioned. 

Pio.  26. 


UUOKAJUIATIO     LONOITCDtNAL    SecTIOS     THBOnOH    THE     POS- 

IBRIOB  End   of  an  Embbto  Bibd  at  the  time  of  the 
FoElLATlOa  OF  THE  Allamtois. 

•ip.  epiblast  -,  Sp.c.  spinal  canal ;  eii.  notochord  ;  n.e.  neurenteric 
canal ;  Ay.  hypoblast ;  p.a.g.  post-anal  gut ;  pr.  reniains  of 
primitive  streak  folded  in  on  the  ventral  side  ;  al.  olhuitoia ; 
me.  mesoblast ;  on.  point  where  anus  will  be  formed ;  p.c. 
perivisceral  cavity ;  am.  amnion ;  $o.  somatopleure  ;  sp. 
spianchnopleure. 

In  the  chick  we  have  found  in  some  cases  a 
sage  prk«  to  the  formation  of  the  first  eomite. 
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there  ia  a  pnfimition  on  the  Hoor  of  tho  noonl  oaoal,  whioh  » 
not  so  marlced  u  thoee  in  tiu  goose  or  duok,  and  nenr  wwilti 
in  a  complete  oontinuity  between  the  noonl  and  alinuotuy 
tracts ;  but  aimidj  leads  from  the  flocr  otf  the  nsond  oanal  into 
tha  tissuM  of  tlio  tail-swelling,  and  thonoa  into  ft  oavitf  in  the 
posterior  part  of  tha  notooliord.  The  hinder  dirertioiilnm  of  Um 
neural  canal  along  the  line  ot  the  piimitiTa  groove  ia,  raextOKK, 
very  conaidenble  in  the  chidl^  and  ia  not  ao  aoon  obUtmtad  M 
in  the  gooae.  Tha  incomplete  paaaage  in  Hie  oUii  ariav  wt  m 
period  when  about  twelve  aomitea  are  praacnt  Hie  thfaid 
passage  is  formed  in  the  chide  during  Uw  third  daj  of  incoba- 

The  anterior  part  of  the  primitiTa  abeak  beocmaa  ocn- 
VHited  into  the  tail-swelling;  the  groan  of  the  poaterior  part 
gradually  shallowa  and  finally  diaappeara.  The  hinder  part  itnU 
atrophiea  from  behind  forwards,  and  in  the  oonna  of  ths  biding 
off  of  the  ambiTo  from  the  yolk  the  part  of  the  blaatodmn  when 
it  was  placed  beoomee  foldedin,  soastofoamputafthavtufanl 
wall  of  the  embryo.  The  i^parent  hindw  part  of  the  primitive 
streak  in  therefore;  in  rtiality  reiilrnl  and  aQt<!rior  in  relatioc 
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tion  of  what  is  called  the  vasciUar  area,  the  outer  border 
of  which  marks  the  extreme  limit  to  which  the  meso- 
blast  extends. 

The  changes  then  which  occur  during  the  first  day 
may  thus  be  briefly  summarized : 

(1)  The  hypoblast  is  formed  as  a  continuous  layer 
of  plate-like  cells  from  the  lower  layer  of  the  segmenta- 
tion spheres. 

(2)  The  primitive  streak  is  formed  in  the  hinder 
part  of  the  area  pellucida  as  a  linear  proliferation  of 
epiblast  cells.  These  cells  spread  out  as  a  layer  on 
each  side  of  the  primitive  streak,  and  form  part  of  the 
mesoblast 

(3)  The  primitive  groove  is  formed  along  the  axis 
of  the  primitive  streak. 

(4)  The  pellucid  area  becomes  pear-shaped,  the 
broad  end  corresponding  with  the  future  head  of  the 
embryo.  Its  long  axis  lies  at  right  angles  to  the  long 
axis  of  the  egg. 

(5)  The  medullary  plate  with  the  medullary  groove 
makes  its  appearance  in  front  of  the  primitive  groove. 

(6)  The  primitive  hypoblast  in  the  region  of  the 
medullary  plate  gives  rise  to  an  axial  rod  of  ceUs  forming 
the  notochord,  and  to  two  lateral  plates  of  mesoblast. 
The  innermost  stratum  of  the  primitive  layer  forms  the 
permanent  hypoblast 

(7)  The  development  of  the  head-fold  gives  rise 
to  the  first  definite  appearance  of  the  head. 

(8)  The  medullary  folds  rise  up  and  meet  first  in 
the  region  of  the  mid-brain  to  form  the  neural  tube. 

(9)  By  the  cleavage  of  the  mesoblast,  the  somato- 
pleure  separates  from  the  splanchnopleure. 
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(10)  One  nr  mora  pain  of  mesoblastic  aomitM  nwke 
iheir  appearance  in  the  Tertebral  portion  of  the  meao- 
blaetic  plates. 

(1 1)  The  first  trace  of  the  amnion  ajqie&n  in  front 
of  the  head-fold. 

(12)  The  rascuUr  area  b^;inB  to  be  distangoiahed 
&om  the  rest  of  the  opaque  area. 


CHAPTER  IV. 

THE  CHANGES  WHICH   TAKE   PLACE  DUKING  THE   FIRST 

HALF  OF  THE  SECOND  DAY. 

General  development.    1^  attempting  to  remove 

the  blastoderm  from  an  egg  which  has  undergone 
from  30  to  36  hours'  incubation,  the  observer  can- 
not fail  to  notice  a  marked  change  in  the  consist- 
ency of  the  blastodermic  structures.  The  excessive 
delicacy  and  softness  of  texture  which  rendered  the 
extraction  of  an  18  or  20  hours'  blastoderm  so  difficult, 
has  given  place  to  a  considerable  amount  of  firmness; 
the  outlines  of  the  embryo  and  its  appendages  are  much 
bolder  and  more  distinct;  and  the  whole  blastoderm 
can  be  removed  from  the  egg  with  much  greater  ease. 

In  the  embryo  itself  viewed  from  above  one  of  the 
features  which  first  attracts  attention  is  the  progress 
in  the  head-fold  (Fig.  27).  The  upper  Umb  or  head 
has  become  much  more  prominent,  while  the  lower 
groove  is  not  only  proportionately  deeper,  but  is  also 
being  carried  back  beneath  the  body  of  the  embryo. 

The  medullary  folds  are  closing  rapidly.  In  the 
region  of  the  head  they  have  quite  coalesced,  a  slight 
notch  in  the  middle  line  at  the  extreme  front  marking 
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for  some  little  time  thmr  line  of  jonctian  (E^.  SS). 
The  open  medollAi;  gioove  of  Ha  first  day  hu  tfatu 
become  oonverted  into  a  tube,  die  neuxal  oaiial,  doaed 
in  front,  but  aa  yet  open  behind.    Even  befitA  the 
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medullary  canal ;  «.r.  ainus  rhomboidalis ;  t,  tail-fold ;  p.r. 
remains  of  primitive  groove  (not  satisfGustorilj  represented) ; 
a.p.  area  pelluoida. 

The  line  to  the  side  between  p,v,  and  m./  represents  the  true 
length  of  the  embryo. 

The  fiddle-shaped  outline  indicates  the  margin  of  the  pellucid 
area.  The  head,  which  reaches  as  far  back  as  o./^,  is  dis- 
tinctly marked  off;  but  neither  the  somatopleuric  nor 
splanchnopleuric  folds  are  shewn  in  the  figure ;  the  latter 
diverge  at  the  level  of  o./.,  the  former  considerably  nearer 
the  fronts  somewhere  between  the  lines  in.b.  and  h,b.  The 
optic  vesicles  op.v.  are  seen  bulging  out  beneath  the  superfi- 
cial epiblast  The  heart  lying  underneath  the  opaque  body 
cannot  be  seen.  The  tail-fold  t  is  just  indicated ;  no  dis- 
tinct lateral  folds  are  as  yet  visible  in  the  region  midway 
between  head  and  taiL  At  m./.  the  line  of  jimction  between 
the  medullary  folds  is  still  visible,  being  lost  forwards  over 
the  cerebral  vesicles,  while  behind  may  be  seen  the  remains 
of  the  sinus  rhomboidalis,  s.r. 

medullary  folds  coalesce,  completely  in  the  cephalic 
region,  the  front  end  of  the  neural  canal  dilates  into 
a  small  bulb,  whose  cavity  remains  continuous  with 
the  rest  of  the  canal,  and  whose  walls  are  similarly 
formed  of  epiblast.  This  bulb  is  known  as  the  first 
cerebral  vesicle,  Fig.  27,  /.6.,  and  makes  its  appearance 
in  the  early  hours  of  the  second  day.  From  its  sides 
two  lateral  processes  almost  at  once  grow  out :  they  are 
known  as  the  optic  vesicles  (Fig.  27,  op.v,),  and  their 
history  will  be  dealt  with  at  length  somewhat  later. 
Behind  the  first  cerebral  vesicle  a  second  and  a  third 
soon  make  their  appearance;  they  are  successively 
formed  very  shortly  after  the  first  vesicle ;  but  the 
consideration  of  them  may  be  conveniently  reserved  to 
a  later  period.     At  the  level  of  the  hind  end  of  the 
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the  TiteUine  Tdiu^  anitii^  to  form  Iht  huat  1, 
established  by  the  coftkacgnce  oi  two  kEtcal  haimm  wkkb^ 
continuing  forward  as  the  balbas  aficrioaaa  Iujl,  m  lost  b 
the  substance  of  the  head  jost  ia  firoDt  oi  Iht 

fold. 

ZTff.  hind-brain;  MB.  nud-biain;  pjr.  aad  c^ 

somites ;  ch^  firont  end  of  notodiofd ;  ski  pascmor  fast  c^ 
notochord ;  e.  parietal  meaoUast ;  pL  oni&ne  oi  ana  pc&- 
cida  I  pv»  primitiTe  streak. 

head  two  shallow  pits  are  yuStie.  Thej  eonsthnte  ths 
fiistrudimentsof  the  organ  of  hearing,  and  are  known  ai 
the  auditory  pits  (Fig.  27,  atLp,). 

The  number  of  mesoUastic  somites  increases  laimllf 
by  a  continued  segmentation  d  the  Teriebral  plates  of 
mesoblast.  The  four  or  five  pairs  formed  dmii^  the 
first  day  have  by  the  middle  of  the  second  increased  to 
as  many  as  fifteen.  The  addition  takes  place  from 
before  backwards ;  and  the  hindermost  one  is  for  some 
time  placed  nearly  on  a  level  with  the  boundary  be» 
tween  the  hind  end  of  the  trunk  of  the  embryo,  anrl 
the  front  end  of  the  primitive  streak.  For  some  time 
the  already  formed  somites  do  not  increase  in  size, 
so  that  at  first  the  embryo  clearly  elongates  by  addi- 
tions to  its  hinder  end. 

Immediately  behind  the  level  of  the  last  meso- 
blastic  somite  there  is  placed  an  enlargement  of  the 
unclosed  portion  of  the  medullary  canaL  This  enlarge- 
ment is  the  sinus  rhomboidalis  already  spoken  of  It 
is  shewn  in  Fig.  23.  On  its  floor  is  placed  the  front 
end  of  the  primitive  streak.  It  is  a  purely  embryonic 
stancture  which  disappears  during  the  second  day. 

In  a  former   chapter  it  was  pointed  out  (p.  27) 
that    the   embryo   is  virtually  formed   by  a  folding 
F.  &  B.  6 
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or  tucking  in  of  &  limited  poitioa  ctf  .the  blMrtDdanD* 
fiiist  at  the  anterior  extremity,  and  aftervaida  ai  ibe 
posterior  extremity  and  at  the  sidea  One  of  tlie  resolta 
of  tlu8  doubling  up  of  tlie  blflstodenn  to  form  the  head 
is  the  appearance,  below  the  anterior  extrenu^  of  tlie 
medullaiy  tube,  of  a  ehort  canal,  ending  Kindly  in 
&ont,  but  open  widely  behind  (Fig.  20,  i^,  a  cul  ds 
aac,  in  fact,  lined  with  hypoblast  and  reaching  from  the 
extreme  front  of  the  embryo  to  the  point  whcve  the 
splanchnopleuric  leaf  of  the  head-fold  (Fig.  29,  J*.  8p) 
turns  back  on  iteel£  This  cul  d«  aao,  which  of  course  be> 
comes  longer  and  longer  the  farther  back  the  head-fold  is 
carried,  ia  the  rudiment  of  the  Jront  end  of  ft«  tiimmir 
tori/  canal,  the  fore-gut^  aa  it  might  be  called..  In  tzan^ 
verse  section  it  appears  to  be  flattened  horiioDtally, 
and  also  bent,  bo  as  to  have  its  convex  surface  looking 
Ouwuwards  (Fig.  30,  al).     At  first  the  anterior  end  is 
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Fio.  29. 


MC. 


Diagrammatic  Longitudinal  Sectios  through  the  Axis  or 

AN  Embryo. 

The  section  is  supposed  to  be  made  at  a  time  when  the  head- 
fold  has  commenced  but  the  tail-fold  has  not  jet  appeared 

JfXj.  neural  canal,  closed  in  front  but  as  yet  open  behind.  Ch, 
notochord.  The  section  being  taken  in  the  middle  line, 
the  protovertebrso  are  of  course  not  shewn.  In  frn^nt  of 
the  notochord  is  seen  a  mass  of  uncleft  mesoblxist,  which 
will  eventually  form  part  of  the  skulL  D.  the  commencing 
f(»egut  or  front  part  of  the  alimentary  canaL  F,  So, 
Somatopleure,  raised  up  in  its  peripheral  portion  into  the 
amniotic  fold  Anu  Sp,  Splanchnopleure.  At  Sp.  it  forms 
the  tmder  wall  of  the  foregut ;  at  F,  Sp.  it  is  turning  round 
and  about  to  run  forward.  Just  at  its  turning  point  the 
cavity  of  the  heart  Ht,  is  being  developed  in  its  mesoblast. 
pp,  pleuroperitoneal  cavity.  A  epiblast,  B  mesoblast,  C 
hypoblast^  indicated  in  the  rest  of  ihe  figure  by  differences  in 
^e  shading.  At  the  part  where  these  three  lines  of  reference 
end  the  mesoblast  is  as  yet  uncleft 

very  little  further  back,  close  under  the  blind  end  of 
the  foregut,  the  cleavage  (at  the  stage  of  which  we  are 
speaking)  begins,  and  the  somatopleure,  F,8o,  and 
splanchnopleure,  F.  Sp.  diverge  from  each  other.    They 

6—2 
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thus  enclose  between  them  a  cavity,  pp,  which  ra|adly 
increases  behind  by  reason  of  the  fact  that  the  fold  of 
the  splanchnopleure  is  carried  on  towards  the  hinder 
extremity  of  the  embiyo  coo^derably  in  advance  of 
that  of  the  somatopleure.  Both  folds,  after  running  a 
certain  distance  towards  the  hind  end  of  the  embryo, 
are  turned  round  again,  and  then  course  once  more  fw- 
wards  over  the  yolk-sac.  As  they  thus  return  (the 
somatopleure  having  meanwhile  given  off  the  fold  of 
the  amnion.  Am.),  they  are  united  agfun  to  form  Uie 
uDcleft  blastodermic  investment  of  the  yolk-sac.  In 
this  way  the  cavity  arising  from  their  separation  is 
closed  below. 

It  is  in  this  cavity,  which  from  its  mode  of  fonna- 
tion  the  reader  will  recognise  as  a  part  (and  indeed  at 
this  epoch  it  constitutes  the  greater  part)  of  the  general 
pleuroperitoneal  cavity,  that  the  heart  is  formed. 
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epitheloid  lining,  is  developed  out  of  the  splanchnic 
mesoblast  on  the  ventral  side  of  the  throat.  But 
since  the  first  commencements  of  the  heart  make 
their  appearance  prior  to  the  formation  of  the  throat, 
the  development  of  this  organ  is  somewhat  complicated; 
and  in  order  to  gain  a  clear  conception  of  the  manner 
in  which  it  takes  place  the  topography  of  the  region 
where  it  is  formed  needs  to  be  very  distinctly  under- 
stood. 

In  the  region  where  the  heart  is  about  to  appear, 
the  splanchnopleure  is  continually  being  folded  in  on 
eidier  side,  and  these  lateral  folds  are  progressively 
meeting  and  uniting  in  the  middle  line  to  form  the  under 
or  ventral  wall  of  the  foregut.  At  any  given  moment 
these  folds  will  be  found  to  have  completely  united  in 
the  middle  line  along  a  certain  distance  measured  from 
the  point  in  front  where  the  cleavage  of  the  mesoblast 
(i.0.  the  separation  into  somatopleure  and  splanch- 
nopleure) begins,  to  a  pailicular  point  farther  back. 
They  will  here  be  found  to  be  diverging  from  the  point 
where  they  were  united,  and  not  only  diverging  late- 
rally each  from  the  middle  line,  but  also  both  turning 
so  as  to  run  in  a  forward  direction  to  regain  the  surface 
of  the  yolk  and  rejoin  the  somatopleure,  Fig.  29.  In  a 
transverse  section  taken  behind  this  extreme  point  of 
union,  or  point  of  divergence,  as  we  may  call  it,  the 
splanchnopleure  on  either  side  when  traced  downwards 
firom  the  axis  of  the  embryo  may  be  seen  to  bend  in 
towards  the  middle  so  as  to  approach  its  fellow,  and  then 
to  run  rapidly  outwards.  Fig.  31,  B.  A  longitudinal 
section  shews  that  it  runs  forwards  also  at  the  same 
time^  Fig.  29.     A  section  through  the  very  point  of 
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divergence  shews  the  two  folds  meetiog  in  the  middle 
line  and  then  separating  sgaio,  bo  as  to  fonn  sonetibiiig 
like  the  letter  ar,  with  the  upper  limbs  conveigin^,  and 
the  lower  limbs  diverging.  In  a  sectioa  takea  in 
front  of  the  point  of  divergence,  the  lower  diverging 
limbs  of  the  x  have  disappeared  altogether;  nothing 
is  left  but  the  upper  limbs,  which,  completely  united 
in  the  middle  line,  form  the  under-wall  of  the  fore- 
gut. 

As  development  proceeds,  what  we  have  called  the 
point  of  divergence  is  continually  being  carried  farther 
DDd  farther  back,  so  that  the  distance  between  it  and 
the  point  where  the  somatopleure  and  splancbnopleure 
separate  from  each  other  in  front,  t.  &  the  length  of  the 
foregut,  is  continually  increasing. 

In  the  chick,  as  we  have  already  stated,  the  heart 
commences  to  be  formed  in  a  region  where  the  folds  of 
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anpaired  portioD  in  front  and  two  diTerging  limbs  be- 
hind. The  OQpured  portioa  is  the  true  heart,  while  the 
diverging  limbs  are  the  vitelline  veins  abready  spoken 
of  (Fig,  28,  ap).  While  the  changes  just  spoken  of 
bare  been  taking  place  in  the  external  form  of  the 
heart,  its  internal  parts  have  also  become  differentiated. 
A  cavity  is  formed  in  each  of  the  halves  of  the 
heart  before  even  they  have  coalesced.  Each  of  these 
cavities  has  at  lirst  the  form   of  an  irregular  space 


Traukveme  Sectio'j  through  the  PoiiTERion  Part  of  thb 
HxAD  or  AK  Ehbrio  Chick  or  Thirty  UouRa. 

a.  lund-brain ;  vff.  vagua  nerve  ;  ep.  epiblast ;  ch,  notocbotd  ; 
X.  thiduniiig  of  hypoblast  (possibly  &  rudiment  of  the  Bub- 
notochordalrod);  aLMao&t;  At.  heart ;  fp.  body  cavity ; 
so.  stnnatic  mesoblBst ;  tf.  splanchnio  meaoblast ;  kg.  hypo- 
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between  the^lanclmic  mesobttut  aad  the  wall  of  Uie 
throat  (Fig.  30,  A*.).  During  their  fonnation  (Fig.  30), 
a  thin  layer  of  mesoblast  remaina  in  contact  with  the 
hypoblast,  but  connected  with  the  main  mass  of  the 
mesoblast  of  the  heart  by  protoplasmic  processes.  A 
second  layer  next  becomes  split  from  the  main  mass  of 
mesoblast,  being  still  connected  with  the  first  layer  by  the 
above-mentioned  protoplasmic  processes.  These  two 
layers  unite  to  form  a  tube  which  constitutes  the  epithe- 
lioid lining  of  the  heart;  the  lumen  of  this  tube  is  the 
cavity  of  the  heart,  and  soon  loses  the  protoplasmic 
trabeculee  which  at  first  traverse  it.  The  cavity  of  the 
heart  may  thus  be  described  as  being  fbnned  by  a 
hollowing  out  of  the  splanchnic  mesoblast.  Some  of  the 
central  cells  of  the  original  thickenings  probably  become 
blood-corpusclea. 

The  thick  outer  part  of  the  cords  of  splanchnic  meso- 
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some  time  separate,  and  cause  the  cavity  of  the  heart  to 
be  divided  into  two  tubes  even  after  its  two  halves  have 
to  all  appearance  completely  coalesced  \ 

Soon  after  its  formation  the  heart  begins  to  beat ; 
its  at  first  slow  and  rare  pulsations  beginning  at  the 
venous  and  passing  on  to  the  arterial  end.  It  is  of  some 
interest  to  note  that  its  functional  activity  commences 
long  before  the  cells  of  which  it  is  composed  shew  any 
distinct  differentiation  into  muscular  or  nervous  ele- 
ments. 

Vaaeillar  system.  To  provide  channels  for  the 
fluid  thus  pressed  by  the  contractions  of  the  heart,  a 
system  of  tubes  has  made  its  appearance  in  the  meso- 
blast  both  of  the  embryo  itself  and  of  the  vascular  and 
pellucid  areas.  In  front  the  single  tube  of  the  bulbus 
arteriosus  bifurcates  into  two  primitive  aortce,  each 
of  which  bending  round  the  front  end  of  the  foregut, 
passes  from  its  under  to  its  upper  side,  the  two  forming 
together  a  sort  of  incomplete  arterial  collar  imbedded 
in  the  mesoblast  of  the  gut.  Arrived  at  the  upper  side 
of  the  gut,  they  turn  sharply  round,  and  run  separate 
but  parallel  to  each  other  backwards  towards  the  tail,  in 
the  mesoblast  on  each  side  of  the  notochord  immediately 
under  the  mesoblastic  somites  (Figs.  32,  Ao,  84,  ao). 
About  half  way  to  the  hinder  extremity  each  gives  off 
at  right  angles  to  the  axis  of  the  embryo  a  large  branch, 
the  vitelline  artery  (Fig.  36,  0/,  A,),  which,  passing 
outwards,  is  distributed  over  the  pellucid  and  vascular 
areas,  the  main  trunk  of  each  aorta  passing  on  with 
greatly  diminished  calibre  towards  the  tail,  in  which  it 
becomes  lost 

^  This  is  not  shewn  in  the  diagram,  Fig.  81,  A. 
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In  B  MB  aeen  in  tha  diTOrgjng  Mda  of  the  aptuioluiopleun 
the  two  Titelline  veiaa  (of)  whioh  will  thotilj  unite  to  form 
the  ductoa  venoeas. 


Tkaxsvxbss  Section  o?  ax  Embryo  at  the  Ein>  of  the 
Second  Dat  pabsiho  tebouoh  thb  Bboion  of  the  Bdlbcs 
AnTEBioBnB,    (Copied  from  His.) 

Jf.  medullary  canal  in  the  region  of  the  hind  bwn  ;  V.  anterior 
cardinal  tbLq;  Ao.  Aorta;  CA.  Notochord;  al.  alimentary 
canal ;  If.  Heart  (bolbus  arterioBus) ;  Pp.  Pleuroperitoneal 
cavity  f  ""'•  amnion. 

In  the  vascular  and  pellucid  areas,  the  formation  of 
vascular  channels  with  a  subsequent  differentiation 
into  arteries,  capillaries  and  veins,  is  proceeding  rapidly. 
Blood-corpuscles  too  are  being  formed  in  considerable 
numbers.  The  mottled  yeUow  vascular  area  becomes 
covered  with  red  patches  consisting  of  aggregations  of 
blood-corpuscles,  often  spoken  of  as  blood -islands. 

Bound  the  extreme  margin  of  the  vascular  area  and 
nearly  completely  encircling  it,  is  seen  a  thin  red  line, 
the  nnua  or  vena  termtnatis  (Fig.  36,  Sf.).  This  will  soon ' 
increase  in  mze  and  importance. 

From  the  vascular  and  pellucid  area  aeveral  large 
channeU  are  seen  to  unite  and  form  two  large  trunks. 
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one  on  either  eide,  vhich  runniiig  along  the  splanch- 
nopleure  folds  at  nearly  right  angles  to  the  axis  of  the 
emhryo,  unite  at  the  "point  of  diveigence"  to  join  the 
venous  end  of  the  heart  These  are  the  vitellbie  veins 
spoken  of  above. 

Both  vessels  and  corpuscles  are  formed  entirely 
from  the  cells  of  the  mesoblast;  and  in  the  regions 
where  the  mesoblast  is  cleft,  are  at  first  observed  ex- 
clusively in  the  splanchnopleure.  Ultimately  of  course 
they  are  found  in  the  mesoblast  evetyvhere. 

In  the  pellucid  area,  where  the  formation  of  the  blood-veeeels 
may  be  moet  easilj  obaerred,  a  number  of  meaoblastia  ceUe  an 
sees  to  Bend  out  prooeases  (Fig.  33).  These  procesBea  unite,  and 
by  their  union  a  protoplasmio  network  ia  lormed  ocaiUuxiing 
nuclei  at  the  points  from  which  the  prooeaaea  atartad.  The 
nuclei,  which  as  a  role  are  much  elongatMl  and  contain  large  oval 
jcleoli.  increaao  very  mpiillr  by  liivisioD.  and  thus  form  g 
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pointy  blood-cATposclea  make  their  appeannce  in  Uie  pro- 
CMKB  also,  the  centnj  portions  of  vliich  become  at  the  same 
time  liqoefied. 

fi;  the  ooDUnued  widening  of  the  connecting  processes  snd 
sohition  of  their  central  portions,  aooompoiiied  bj  a  corresponding 
a  in  the  enveloping  nucleated  oells,  the  original  proto- 


SuBTACK  View  fboii  below  of  a  bmaii,  portion  or  the 
PoBTERiOR  End  of  the  Pelldcid  Area  op  a  Thirtt-six 
Hocas'  Chick.  To  jllustrato  the  formation  of  the  blood- 
capillariea  and  blood-corpuscles,  magnified  400  diameters. 

h.f.  Blood-corpuscles  at  a  nodal  point,  alrettdj  beginning  to 
acquire  a  red  colour.  Thej  are  enclosed  in  a  la;er  of  proto- 
plasm, in  the  outermost  part  of  which  are  found  nuclei,  a. 
These  nuclei  subsequently  become  the  nuclei  of  the  celk 
forming  the  walla  of  the  vessels.  The  nodal  groups  are 
united  hy  protoplasmio  processes  (j'.pr),  also  containing 
nuclei  with  large  nucleoli  (n). 
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plasmio  network  is  converted  into  a  sjstem  of  oommunieatii^ 
tubes,  the  canals  of  which  contain  blood-oorpuscl«s  and  plasma, 
and  the  iralls  of  which  are  formed  of  flattened  nucleated  cells. 

The  blood-corpuaclea  paw  fii^^el;  from  the  nodal  points  into 
the  hollow  processes,  and  thus  the  network  of  protoplasm  be- 
oomes  a  network  of  blood-vessels,  the  nuclei  of  the  corpuscles  and 
of  the  walls  of  which  hare  been,  by  eeparate  paths  of  development^ 
derived  from,  the  nuclei  of  the  original  protoplasm. 

The  formation  of  the  corpuscles  does  not  proceed  equall; 
rapidly  or  to  the  same  extent  in  all  parts  of  the  blastoderm.  Bf 
far  the  greater  part  are  formed  in  the  vascular  area,  but  some 
arise  in  the  pellucid  area,  especially  in  the  hinder  part.  In  tbe 
front  of  the  pellucid  area  the  processes  are  longer  and  the  network 
accordingly  more  open ;  the  corpuscles  also  are  both  later  in 
appearing  and  less  numerous  when  formed. 

Assuming  the  truth  of  the  above  account,  it  ia  evident  thai 
tbe  lilood-ressela  of  the  yolk-sack  of  the  chick  do  not  arise  aa 
spaces  or  channels  between  adjacent  cells  of  the  mesoblast,  but 
are  hollowed  out  in  the  communicating  protoplasmic  substance 
of  the  cells  themselreB.     The  larger  Teasels  of  the  trunk  are 
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from  which  it  springs  is  known  as  the  imtenmediate 
ceU  mass.    We  shall  return  to  them  immediatelj. 

Summaiy.  The  most  important  changes  then  which 
take  place  during  the  first  half  of  the  second  daj  are, 
the  closure  of  the  mednllary  folds,  espedaHj  in  the 
anterior  part,  and  the  dilatation  of  the  canal  so  formed 
into  the  first  cerebral  vesicle ;  the  establishment  of  a 
certain  number  of  mesoUastic  somites ;  the  elevation  of 
the  head  from  the  plane  of  the  blastoderm ;  the  forma- 
tion of  the  tabular  heart  and  of  the  great  Uood-Teasels ; 
and  the  appearance  of  the  rudiment  of  the  Wolffian 
duct. 

It  is  important  to  remember  that  the  embryo  of  which 
we  are  now  speaking  is  simply  a  part  of  the  whole 
germinal  membrane,  which  is  gradtiaDy  spreading  over 
the  surface  of  the  yolk.  It  is  important  also  to  bear  in 
mind  that  all  that  part  of  the  embryo  which  is  in  front 
of  the  foremost  somite  corresponds  to  the  future  head, 
and  the  rest  to  the  neck,  body  and  taiL  During  this 
period  the  head  occupies  about  a  third  of  the  whole 
length  of  the  embrya 


CHAPTER  V. 

THE  CHANGES  WHICH  TAKE  FIACE  DuaDia  THE 
SECOND  HALF  OF  THE  SECOND  DAT. 

One  impottaat  feature  of  this  st^e  is  the  rapid 
increase  in  the  process  of  the  folding-o£f  of  the  embryo 
from  the  plane  of  the  germ,  and  its  consequent  con- 
version into  a  distinct  tubular  cavity.  At  the  begin- 
ning of  the  second  day,  the  head  alone  projected  from 
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and  at  the  end  of  this  period  is  entirely  roofed  over. 
The  conversion  of  the  original  medullary  groove  into 
a  closed  tube  is  thus  completed. 

The  brain.  In  the  region  of  the  head  most  im- 
portant changes  now  take  place.  We  saw  that  at  the 
beginning  of  this  day  the  front  end  of  the  medullary 
canal  was  dilated  into  a  bulb,  the  first  cerebral  vesicle, 
which  by  budding  off  two  lateral  vesicles  became  con- 
verted into  three  vesicles:  a  median  one  connected 
by  short  hollow  stalks  with  a  lateral  one  on  either  side. 
The  lateral  vesicles  known  as  the  optic  vesicles  (Fig. 
27,  op.  V,  Fig.  35,  a),  become  converted  into  parts  of  the 
eyes ;  the  median  one  still  retains  the  name  of  the  first 
cerebral  vesicle. 

The  original  vesicle  being  primarily  an  involution 
of  the  epiblast,  the  walls  of  all  three  vesicles  are  formed 
of  epiblast;  all  three  vesicles  are  in  addition  covered 
over  with  the  common  epiblastic  investment  which  will 
eventually  become  the  epidermis  of  the  skin  of  the 
head.  Between  this  superficial  epiblast  and  the  invo- 
luted epiblast  of  the  vesicles,  there  exists  a  certain 
quantity  of  mesoblast  to  serve  as  the  material  out  of 
which  wiU  be  formed  the  dermis  of  the  scalp,  the  skull, 
and  other  parts  of  the  head.  At  this  epoch,  however, 
the  mesoblast  is  found  chiefly  underneath  the  several 
vesicles  (Fig.  30).  A  small  quantity  may  in  section  be 
seen  at  the  sides ;  but  at  the  top  the  epidermic  epiblast 
is  either  in  dose  contact  with  the  involuted  epiblast  of 
the  cerebral  and  optic  vesicles  or  separated  from  it  by 
fluid  alone,  there  being  as  yet  in  this  region  between 
the  two  no  cellular  elements  representing  the  mesoblast. 

The  constrictions  marking  off  the  optic  vesicles  also 

F.  A  B.  7 
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A.  epiblaflt.  B,  mesoblast  C.  hypoblaat  oonaiBtiDg  of  a  single 
row  of  flattened  ceUa.  IT.  c  medoDaiy  canaL  P.  v.  meso- 
blastic  somite.  W.<L  Wolffian  dud  8.0.  Somatopleure. 
S,p,  Splanchnopleuie.  p.p.  pleuroperitoneal  cavity,  c.  L 
notochord.  a,  0,  dorsal  aorta,  v,  blood-vessels  of  the  yolk- 
sac,  o.p.  line  of  junction  between  opaque  and  peUucid 
areas ;  v.  palisade-like  yolk  spheres  which  cfmstitute  the  ger- 
minal walL 

Only  one-half  of  the  section  is  represented  in  the  figure — if 
completed  it  would  be  bilaterally  symmetrical  about  the  line  of 
the  medullary  canaL 


take  place  of  course  beneath  the  common  epiblastic 
investment,  which  is  not  involved  in  them.  As  a  con- 
sequence, though  easily  seen  in  the  transparent  fresh 


Hbad  op  a  Chick  at  the  End  op  the  Second  Day  viewed 
PBOM  below  as  a  Transfabent  Object. 

(Copied  from  Huxley). 

/.  first  cerebral  veside.    a.  optic  vesicle,    d,  infundibulum. 

The  specimen  shews  the  formation  of  the  optic  vesicles  (a), 
as  outgrowths  from  the  Ist  cerebral  vesicle  or  vesicle  of  the  3rd 
ventricle,  so  that  the  optic  vesicles  and  vesicle  of  the  3rd  ven- 
tricle at  first  freely  communicated  with  each  other,  and  also  the 
growth  of  the  lower  wall  of  the  vesicle  of  the  3rd  ventricle  into  a 
process  which  becomes  the  infundibulum  {d). 

7—2 
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embryo  (Fig.   28),  they  are  but  slightly  indicated  in 
hardened  specimens  (Fig.  27). 

When  an  embryo  of  the  early  part  of  the  second 
day  is  examined  as  a  transparent  object,  that  portion  of 
the  medullary  canal  which  lies  immediately  behind  the 
tirsb  cerebral  vesicle  is  seen  to  be  conical  in  shape,  with 
its  walla  thrown  into  a  number  of  wrinkles.  These 
wrinkles  may  vary  a  good  deal  in  appearance,  and  shift 
from  time  to  time,  but  eventually,  before  the  close  of 
the  second  day,  after  the  formation  of  the  optical 
vesicles,  settle  down  into  two  constrictions,  one  separat- 
ing the  first  cerebral  vesicle  from  that  part  of  the 
medullary  canal  which  is  immediately  behind  it,  and 
the  other  separating  this  second  portion  from  a  third. 
So  that  instead  of  there  being  one  cerebral  vesicle  only, 
as  at  the  commencement  of  the  second  day,  there  is  now, 
1  addition  to  the  optic  vesicles,  a  series  of  three,  one 
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unpaired  commencement  of  two  resklca  whkk  ^fwdop 
into  the  cerebral  hemisphere*;  but  up  to  li^  e&d  of  the 
day  it  is  still  veiy  small  and  iDOonspiooooi. 

Early  on  the  seccmd  day  the  oofiuEiie&cjez&^^att  of 
several  of  the  cranial  nerves  make  their  appeaca&ee 
as  outgrowths  of  die  (ilg.  30,  tgr;  roof  fA  tbe  mid  acad 
hind  brains,  but  their  deTelopment,  togetlKx  with  that 
of  the  spinal  nerves,  will  be  dealt  with  in  the  next 
chapter. 

The  notochord.  The  notocfaocd,  whose  origin 
was  described  in  the  account  of  the  first  day,  is  dnrxi^ 
the  whole  of  the  second  day  a  very  ooDspica/>ias  object. 
It  ib  seen  as  a  transparent  rod,  somewhat  elliptical  in 
section  (Fig.  34,  ch),  lyii^  immediately  underneath 
the  medullary  canal  for  die  greater  part  of  ita  lengthy 
and  reaching  forward  in  front  as  far  as  below  the 
hind  border  of  the  first  cerebral  vesicle. 

Cranial  flexure.  Bound  the  anterior  termination 
of  the  notochord,  the  medullary  canal,  which  up  to  the 
present  time  has  remained  perfectly  straight,  towards 
the  end  of  the  day  begins  to  curve.  The  front  portion 
of  the  canal,  i.e.  the  fore-brain  with  its  optic  and  cere- 
bral vesicles,  becomes  slightly  bent  downwards,  so  as  to 
form  a  rounded  obtuse  angle  with  the  rest  of  the 
embryo.  This  is  the  commencement  of  the  so-called 
cranial  flexure  and  is,  mechanically  speaking,  a  con- 
sequence of  the  more  rapid  growth  of  the  dorsal  wall  of 
the  anterior  part  of  the  brain  as  compared  with  that  of 
the  ventral 

Auditory  vesicle.  Lastly,  as  far  as  the  head  is 
concerned,  the  epiblastic  plates  forming  the  rudiments  of 
the  auditory  vesicles  become  converted  into  deep  pits 
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time  (consequently  aome  little  while  after  tibe.  com- ' 
menoem^t  of  the  heart's  pulsation)  carried  on. 

The  two  primitive  aortce  have  already  been  de- 
scribed as  encircling  the  foregut,  and  then  passii^ 
along  the  body  of  the  embryo  immediately  beneath 
the  mesoblastic  somites  on  each  side  of  the  notochord. 
They  are  shewn  in  Fig&  32  A.o.  and  34  a.o  in  section  as 
two  laige  rounded  spaces  lined  with  flattened  cells.  At 
first  they  run  as  two  distinct  canals  along  the  whole 
length  of  the  embryo ;  but,  after  a  short  time,  unite  at 
some  little  distance  behind  the  head  into  a  single  trunk, 
which  lies  in  the  middle  line  of  the  body  immediately 
below  the  notochord  (Fig.  57).  Lower  down,  nearer  the 
tail,  this  single  primitive  trunk  again  divides  into  two 
aortse,  which,  getting  smaller  and  smaller,  are  finally 
lost  in  the  small  blood-vessels  of  the  tail  At  this 
epoch,  therefore,  there  are  two  aortic  arches  springing 
fix>m  the  bulbus  arteriosus,  and  uniting  above  the  ali- 
mentary canal  in  the  back  of  the  embryo  to  form  the 
single  dorsal  aorta,  which  travelling  backwards  in  the 
median  line  divides  near  the  tail  into  two  main 
branches.  From  each  of  the  two  primitive  aortse,  or 
from  each  of  the  two  branches  into  which  the  single 
aorta  divides,  there  is  given  oS  on  either  side  a  large 
branch.  These  have  been  already  spoken  of  as  the 
vitelline  arteries.  At  this  stage  they  are  so  large  that 
by  far  the  greater  part  of  the  blood  passing  down  the 
aorta  finds  its  way  into  them,  and  a  small  remnant  only 
pursues  a  straight  course  into  the  continuations  of  the 
aorta  towards  the  tail. 

Each  vitelline  artery  leaving  the  aorta  at  nearly 
right  angles  (at  a  point  some  little   way  behind   the 
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point  opposite  the  head  the  end  of  each  semicircle  is 
connected  with  vessels  (Fig.  36),  which  run  straight  in 
towards  the  heart  along  the  fold  of  the  splanchnopleure, 
and  join  the  right  and  left  vitelline  veins.  At  the 
point  opposite  the  tail  there  is  at  this  stage  no  such 
definite  connection.  At  the  two  sides,  midway  between 
their  head  and  tail  ends,  the  two  semicircles  are  espe- 
cially connected  with  the  vitelline  arteries. 

The  circulation  of  the  blood  then  during  the  latter 
half  of  the  second  day  may  be  described  as  follows.  The 
blood  brought  by  the  vitelline  veins  falls  into  the 
twisted  cavity  of  the  heart,  and  is  driven  thence  through 
the  bulbus  arteriosus  and  aortic  arches  into  the  aorta. 
From  the  aorta,  by  far  the  greater  part  of  the  blood 
flows  into  the  vitelline  arteries,  only  a  small  remnant 
passing  on  into  the  caudal  terminations.  From  the 
capillary  net-work  of  the  vascular  and  pellucid  areas 
into  which  the  vitelline  arteries  discharge  their 
contents,  part  of  the  blood  is  gathered  up  at  once 
into  the  lateral  or  direct  trunks  of  the  vitelline 
veins.  Part  however  goes  into  the  middle  region 
of  each  lateral  half  of  the  sinus  terminalis,  and  there 
divides  on  each  side  into  two  streams.  One  stream, 
and  that  the  larger  one,  flows  in  a  forward  direction 
until  it  reaches  the  point  opposite  the  head,  thence  it 
returns  by  the  veins  spoken  of  above,  straight  to  the 
vitelline  trunks.  The  other  stream  flows  backward, 
and  becomes  lost  at  the  point  opposite  to  the  tail. 
This  is  the  condition  of  things  during  the  second  day; 
it  becomes  considerably  changed  on  the  succeeding  day. 

At  the  time  that  the  heart  first  begins  to  beat  the 
capillary  system  of  the  vascular  and  pellucid  areas  is 
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not  yet  completed;  and  the  fltiid  which  is  at  first  dzma 
by  the  heart  contains,  according  to  most  obserren^  ytftj 
(ew  corpuscles. 

At  the  close  of  the  second  day  the  single  pair  <rf 
aortic  arches  into  which  the  bolbus  arteriosus  divides 
is  found  to  be  accompanied  1^  a  Moond  pair,  formed 
in  the  same  way  as  the  first,  and  occupying  a  pomtion  a 
Uttle  behind  it  Sometdmes  ev&i  a  tkirdptur  is  added. 
Of  these  aortic  arohee  we  shall  have  to  speak  more  fully 
later  on. 

Wolffian  duct.  During  the  latter  half  <tf  the  seoond 
day  the  Wolffian  duct  to  which  we  have  already  alluded 
becomes  fully  established,  while  the  first  traces  of  the 
embryonic  excretory  o^;ane  or  kidneys,  known  as  the 
Wolffian  bodies,  make  their  appearance.  The  develop- 
ment of  the  latter  will  be  dealt  witli  in  the  history  of 
the  third  day,  but  the  history  of  the  duct  it-Sfilf  may 
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and  the  duct  itself  also  passes  inwards  relatively  to  the 
epiblast  (fig.  43  wd).  Its  hind  end  elongates  till  it 
comes  into  connection  with,  and  opens  on  the  fourth 
day  into  the  cloacal  section  of  the  hind-gut. 

The  amnioii  and  allantois.    The  amnion,  especially 

the  anterior  or  head  fold,  advances  in  growth  very 
rapidly  during  the  second  day,  and  at  the  close  of  the 
day  completely  covers  the  head  and  neck  of  the  embryo; 
so  much  so  that  it  is  necessary  to  tear  or  remove  it  when 
the  head  has  to  be  examined  in  hardened  opaque  speci- 
mens. The  tail  and  lateral  folds  of  the  amnion,  though 
still  progressing,  lag  considerably  behind  the  head-fold. 

The  side-folds  eventually  meet  in  the  median  dorsal 
line,  and  their  coalescence  proceeds  backwards  from  the 
head-fold  in  a  linear  direction,  till  there  is  only  a  small 
opening  left  over  the  tail  of  the  embryo.  This  finally 
becomes  closed  early  on  the  third  day. 

In  Figs.  32  and  43  am.  the  folds  of  the  amnion  are 
shewn  before  they  have  coalesced.  After  the  coalescence 
of  the  folds  of  the  amnion  above  the  embryo  the  two 
Umbs  of  which  each  is  formed  become,  as  already  ex- 
plained in  chapter  li.,  separate  from  each  other:  the 
inner,  forming  a  special  investment  of  the  embryo,  and 
constituting  the  anmion  proper  (Fig.  65),  the  outer  at- 
taching itself  to  the  vitelline  membrane  and  becoming 
the  serous  envelope. 

The  development  of  the  allantois  commences  during 
the  second  day,  but  since  it  is  mainly  completed  during 
the  third  day  we  need  not  dwell  upon  it  further  in  this 
place. 

Summary.  The  chief  events,  then,  which  occur 
during  the  second  half  of  the  second  day  are  as  follow: — 
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1.  The  second  and  third  cerebral  vesicles  make 
their  appearance  behind  the  first. 

2.  The  optic  vesicles  sjning  as  hollow  hnds  from 
the  lateral,  and  the  unpaired  commencement  of  the  cere- 
bral hemispheres  from  the  front,  portions  of  Uie  first 
cerebral  vesicla 

3.  The  auditory  plate  becomes  converted  into  a 
pit,  opening  at  the  side  of  the  hind-brain  or  third  oere- 
bral  vesicle. 

4.  The  first  indicationB  of  the  cranial  flexure  be- 
come visible. 

5.  The  head-fold,  and  especially  the  splanchno- 
pleiure  moiety,  advances  rapidly  backwards ;  the  head  of 
the  embryo  is  in  consequence  more  definitely  formed. 
The  tail-fold  also  becomes  distinct. 

6.  The  curvature  of  the  heart  inoceases;  the  fint 
rudiments  of  the  auricles  appear. 


CHAPTER  VI. 

THE  OHANOES  WHICH  TAKE  PLACE  DURING  THE  THIRD 

DAY. 

Of  all  days  in  the  history  of  the  chick  within 
^6  ^gg  ^^^  perhaps  is  the  most  eventful;  the  rudi- 
ments of  so  many  important  organs  now  first  make  their 
appearance. 

In  many  instances  we  shall  trace  the  history  of  these 
organs  beyond  the  third  day  of  incubation,  in  order  to 
give  the  reader  a  complete  view  of  their  development. 

On  opening  an  egg  on  the  third  day  the  first  thing 
which  attracts  notice  is  the  diminution  of  the  white  of 
^^  ^gg'  T^  seems  to  be  one  of  the  consequences  of 
the  functional  activity  of  the  newly-established  vascular 
area  whose  blood- vessels  are  engaged  either  in  directly 
absorbing  the  white  or,  as  is  more  probable,  in  absorbing 
the  yolk,  which  is  in  turn  replenished  at  the  expense  of 
the  white.  The  absorption,  once  begun,  goes  on  so 
actively  that,  by  the  end  of  the  day,  the  decrease  of  the 
white  is  very  striking. 

The  blastoderm  has  now  spread  over  about  half 
the  yolk,  the  extreme  margin  of  the  opaque  area  reach- 
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ing  about  half-way  tovaida  the  pole  of  the  yolk  oj^kwIb 
to  the  embryo. 

The  vascular  area,  though  still  increasiiig,  is  much 
smaller  than  the  total  opaque  area,  beiiig  in  avenge- 
sized  eggs  about  aa  huge  as  a  florin.  Still  onaller  than 
the  vascular  area  is  the  pellucid  area  in  the  oenbe  of 
which  lies  the  nfadly  growing  eml»y6. 

During  the  third  day  the  vawular  are*  ia  not 
only  a  means  for  providing  the  embryo  with  noaridi- 
ment  from  the  yo\k,  but  also,  inasmach  as  by  the  dimi- 
nution of  the  white  it  is  brought  oloee  tinder  the  shaD 
and  therefore  Mly  exposed  to  the  infloenoe  of  the 
atmosphere,  serves  as  the  chief  organ  of  reepiratioa. 

This  in  &ct  is  the  period  at  which  the  Taacolar  aie* 
may  be  said  to  be  in  the  stage  of  its  most  ounidete  de- 
velopment; for  though  it  will  afterwards  beoame  laigw, 
it  will  at  the  same  time  become  less  definite  and  ida- 
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DuoRAM  OF  TBB  CntCTLATiON  OF  THE  Yolk-Sace  at  thf  f.ni^ 
OF  THE  Third  Day  of  iKCCaAnos. 

n.  heart.  AA.  the  second,  third  and  fourth  aortic  nrvhcs  :  tlic 
first  has  become  obliterated  in  its  medinn  portion,  \mi  in 
continued  at  its  proiimAl  end  as  the  eit«mal  CATiitid.  »iiil  n( 
its  distal  end  as  the  internal  carotid.  AO.  ilorwil  aorla. 
L.  Of.  A.  left  vitelline  artery.  R.  Of.  A.  ri(ilit  vitullitu' 
artery.  S.  T.  ainuB  terminalia.  L.  Of.  loft  vitollino  v.-iii. 
R.  Of.  right  vitelline  vein.  S.  V.  Hinus  voii.muh.  JK  C. 
doctuB  Cuviari.  S.  Ca.  V.  superior  canliiiiil  "r  jugular  V"iii. 
V.  Ca.  inferior  cardinal  vein.    The  vojiw  iiro  niarkiil  in 
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outline  and  the  arteries  an  made  blook.  Th»  iriKile  bUato- 
derm  hsa  beea  removed  from  the  egg  a&d  ia  anppoaad  to  ba 
viewed  from  below.    Hmoe  the  leA  ia  aeen  on  the  ligh^  and 


the  heart,  the  veins  and  arteries  run  not  only  ponUel 
to  each  other,  but  almost  in  ihe  same  lin^  the  pcnsta  at 
which  they  respectiTeiy  join  and  leave  the  body  being 
nearly  at  the  same  distance  &om  the  head. 

The  rest  of  the  blood  brought  by  the  vitelline 
arteries  finds  ils  way  into  the  lateral  portions  of  tike 
sinus  terminaliB,  8.T.,  and  there  divides  on  each  aide 
into  two  streamB.  Of  these,  the  two  which,  one  on 
each  side,  flow  backward,  meet  at  a  point  about  oppo- 
site to  the  tail  of  the  embiyo,  and  are  conveyed  along  a 
distinct  vein  which,  running  straight  forward  parallel  to 
the  axis  of  the  embryo,  empties  itoelf  into  the  left  vitel- 
line vein.    The  two  forward  Btreams  reaching  the  gap 
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all  bat  enoompttflBes  tbe  yolk,  tbe  prominenoe  of  the 
sums  tenniDftlis  will  become  less  and  leas  in  proportiaii 
as  the  lespiiatoiy  work  of  the  Tascular  area  is  shifted 
on  to  the  allantois,  and  its  actiTities  confined  to  absorb- 
ing nutiitiTe  matter  from  the  yolk. 

The  fokiing-in  of  the  emlayo  makes  great  pro- 
gress doling  this  day.  Both  head  and  tail  have  become 
most  distinct,  and  the  ade  folds  which  are  to  oonstitate 
the  lateral  walls  have  advanced  so  rapidly  that  the 
embryo  is  now  a  bond  Jide  tabular  sac,  connected  wiih 
the  rest  of  the  yolk  by  a  broad  stalk.  This  stalk, 
as  was  explained  in  Chap,  ii,  is  double,  and  consists  of 
an  inner  splanchnic  stalk  continuous  with  the  alimen- 
tary canal,  which  is  now  a  tube  closed  at  both  ends  and 
open  to  the  stalk  along  its  middle  third  only,  and  an 
outer  somatic  stalk  continuous  with  the  body-walls  of 
the  embryo,  which  have  not  closed  nearly  to  the  same 
extent  as  the  walls  of  the  alimentary  canal  (Compare 
Kg.  9,  A  and  JB,  which  may  be  taken  as  diagrammatic 
representations  of  longitudinal  and  transverse  sections 
of  an  embryo  of  this  period.) 

The  embryo  is  almost  completely  covered  by  the 
amnion.  Early  in  this  day  the  several  amniotic  folds 
will  have  met  and  completely  coalesced  along  a  line 
over  the  back  of  the  embryo  in  the  manner  already 
explained  in  the  last  chapter. 

During  this  day  a  most  remarkable  change  takes 
place  in  the  position  of  the  embryo.  Up  to  this 
time  it  has  been  lying  symmetrically  upon  the  yolk 
with  the  part  which  will  be  its  mouth  directed  straight 
downwarda  It  now  turns  round  so  as  to  lie  on  its  left 
side. 

F.  A  B.  8 
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bat  its  limit  could  not  be  distinctlj  seen  through  the  body  of  the 
embryo.  The  prominence  of  the  false  amnion  at  the  head  is  apt 
to  puzzle  the  student ;  but  if  he  bears  in  mind  the  fact,  which 
could  not  well  be  shewn  in  Fig.  9,  that  the  whole  amniotic  fold, 
both  the  true  and  the  false  limb,  is  tucked  in  underneath  the 
head,  the  matter  will  on  reflection  become  intelligible. 

C.  H.  cerebral  hemisphere.  F,  B,  thalamencephalon  or  vesicle  of 
the  third  ventricle.  M,  B,  mid-brain.  H.  B.  hind-brain.  Op, 
optic  veside.  Ot,  otic  vesicle.  Of  V.  vitelline  veins  forming 
the  venous  roots  of  the  heart  The  trunk  on  the  right  hand 
(left  trunk  when  the  embryo  is  viewed  in  its  natural  position 
from  above)  receives  a  large  branch,  shewn  by  dotted  lines, 
coming  from  the  anterior  portion  of  the  sinus  terminalis. 
Hi.  the  heart,  now  completely  twisted  on  itself  Ao,  the 
bulbus  arteriosus,  the  three  aortic  arches  being  dimly  seen 
stretching  from  it  across  the  throat,  and  uniting  into  the 
aorta,  still  more  dimly  seen  as  a  curved  dark  line  running 
along  the  body.  The  other  ciurved  dark  line  by  its  side, 
ending  near  the  reference  y,  is  the  notochord  ch. 

About  opposite  the  line  of  reference  x  the  aorta  divides  into  two 
trunks,  which,  running  in  the  line  of  the  somewhat  opaque 
mesoblastic  somites  on  either  side,  are  not  clearly  seen. 
Their  branches  howe^»er,  Ofa,  the  vitelline  arteries,  are 
conspicuous  and  are  seen  to  curve  round  the  commencing 
side  folds. 

Po,  mesoblastic  somites.  Below  the  level  of  the  vitelline  arteries 
the  vertebral  plates  are  but  imperfectly  cut  up  into  meso- 
blastic somites,  and  lower  down  still,  not  at  all. 

s  is  placed  at  the  "point  of  divergence"  of  the  splanchnopleure 
folds.  The  blind  foregut  begins  here  and  extends  about  up 
to  y,  X  therefore  marks  the  present  hind  limit  of  the 
splanchnopleure  folds.  The-  limit  of  the  more  transparent 
Bomatopleure  folds  is  not  shewn. 

It  will  be  of  course  imderstood  that  all  the  body  of  the  embryo 
above  the  level  of  the  reference  a?,  is  seen  through  the  portion  of 
the  yolk*sac  (vascular  and  pellucid  area),  which  has  been  removed 

8—2 
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with  the  emtoTo  from  the  egg,  u  wall  as  through  tiie  donU* 
amniotic  fold 

We  maj  repeat  that,  the  view  bong  from  ImIow,  wbatcmr  {> 
described  in  the  natiml  podtion  aa  being  to  tite  ri^t  hen 
IkppeBiB  to  be  loft,  and  vice  venA. 

This  important  change  of  poaition  at  first  a£Fec<B 
only  the  head  (Fig.  37),  but  subsequently  extends  also  to 
the  trunk.  It  is  not  usually  completed  till  the  fooith 
day.  At  the  same  time  the  left  vitelline  vein,  the  one  on 
the  side  on  which  the  embryo  comes  to  lie,  grows  very 
much  lai^r  than  the  right,  which  henceforward  gradu- 
ally dwindles  and  finally  disappeais. 

Coincidently  with  the  change  of  position  the  whole 
embryo  begins  to  be  curved  on  itself  in  a  sli^ily 
spiral  manoer.  This  curvature  of  the  body  becomeB 
still  more  marked  on  the  fourth  day.  Fig.  67- 

In  the  head  very  important  changes   take  place. 
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80  completely  has  the  front  end  of  the  neural  canal 
been  folded  over  the  end  of  the  notochord.  The  com- 
mencement of  this  cranial  flexure  gives  the  body  of  an 
embryo  of  the  third  day  somewhat  the  appearance  of  a 
retort,  the  head  of  the  embryo  corresponding  to  the 
bulb.  On  the  fourth  day  the  flexure  is  still  greater 
than  on  the  third,  but  on  the  fifth  and  succeeding  days 
it  becomes  less  obvious,  owing  to  the  filling  up  of  the 
parts  of  the  skulL 

The  brailL  The  vesicle  of  the  cerebral  hemispheres, 
which  on  the  second  day  began  to  grow  out  from  the 
front  of  the  fore-brain,  increases  rapidly  in  size  during 
the  third  day,  growing  out  laterally,  so  as  to  form  two 
vesicles,  so  much  so  that  by  the  end  of  the  day  it  (Fig. 
37,  CHy  Fig.  38)  is  as  large  or  larger  than  the  original 
vesicle  from  which  it  sprang,  and  forms  the  most  con- 
spicuous part  of  the  brain.  In  its  growth  it  pushes 
aside  the  optic  vesicles,  and  thus  contributes  largely  to 
the  roundness  which  the  head  is  now  acquiring.  Each 
lateral  vesicle  possesses  a  cavity,  which  afterwards 
becomes  one  of  the  lateral  ventricles.  These  cavities  are 
continuous  behind  with  the  cavity  of  the  fore-brain. 

Owing  to  the  development  of  the  cerebral  vesicle  the 
original  fore-brain  no  longer  occupies  the  front  position 
(Fig.  37,  FB,  Fig.  38,  76),  and  ceases  to  be  the  con- 
spicuous object  that  it  was.  Inasmuch  as  its  walls  will 
hereafter  be  developed  into  the  parts  surrounding  the 
so-called  third  ventricle  of  the  brain,  we  shall  hence- 
forward speak  of  it  as  the  vesicle  of  the  third  ventricle, 
or  thalamencephalon. 

On  the  summit  of  the  thalamencephalon  there  may 
now  be  seen  a  small  conical  projection,  the  rudiment  of 
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Fio.  se. 


Head  op  a  Chick  of  the  Third  Day  tibwed 

Thansfarent  Object.    (From  Huxley.) 

I  a.  the  vesicle  of  the  cerebral  hemisphere,     I  h.  the  vesicle  oT 

the  third  ventricle  (the  origioal  fore-brain) ;  at  ita  aummit 

is  seen  the  projection  of  the  pineal  gland  t. 

Below  this  portion  of  the  brain  is  seen,  in  optical  aectton,  the 

optic  vi'sicle  a  already  involuted  with  ita  thick  isner  and  tfaimier 
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the  pineal  gland  (Fig.  38,  e),  while  the  centre  of  the 

floor  is  produced  into  a  funnel-shaped  process,  the  in/ttn- 

d^mium  (Fig.  39,  /»),  which,  stretching  towards  the 

Via.  89. 


LONOirUDINAL    SzcnON    THBOUGH    THE    fiHAIS     OF    A    YOUSd 
PRIBTIURrB    EXBBTO. 

etr,  commencement  of  cerebral  bumiajibere  ;  //n.  pineal  glaod  ; 

/n.   inAindibulum ;   pt.   ingrowth   of  mouth   Ui    form    tbe 

pitoitaiy  boJj ;  mb.  mid-bratD  ;   cb.  cerebellum  ;  eh,  ootn- 

cbord ;  al.  alimentary  tract ;  laa.  artery  <it  nuuidibular  arcb. 

extreme  end  of  the  oral  invagination  or  iftonvid'xitm, 

joins  a  diverticulum  of  this  which  becomes  the  pilait<try 

body. 

The  development  of  the  pituitary  body  or  hypophjTii*  cerebri 
IiM  been  the  subject  of  considerable  controveny  amongHt  embryo. 
logists,  and  it  is'oaly  within  the  laxt  fen  ytars  that  its  oritnn 
from  the  oral  epithelium  baa  been  satis&ctorily  eatabliahcd. 

In  the  course  of  cranial  flexure  the  epiblast  on  the  unrlcr  side 
of  the  head  becomes  tucked  in  between  the  blind  end  of  the 
throat  and  the  base  of  the  brain.  The  pnrt  so  tuoked  in  constitut«H 
a  land  of  bay,  and  forms  the  atomodxum  or  primitive  buccal 
cavity  already  spoken  of.  The  blind  end  of  this  bay  becomes 
produced  as  a  papillifurm  diverticiilimi  which  may  be  called  the 
pttuitaiy  diverticulum.    It  is  represented  as  it  appears  in  a 
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lower  vertebrate  embryo  (Elaamobrauch)  in  Fig.  39,  but  ia  in  all 
important  respects  exactly  similar  in  the  chick.  Verj  sfaortly  afW 
the  pituitary  diverticulum  beoomea  first  established  the  bouodary 
wall  between  the  stomodEeum  and  the  throat  becomes  perforated, 
and  the  limita  of  the  stomodeum  obliterated,  so  that  the  pituitaiy 
diverticulum  looks  as  if  it  had  arisen  from  the  hTpobUat.  During 
the  third  da;  of  incubation  the  front  part  of  the  notochrad 
becomea  bent  downward,  and,  ending  in  a  BOmowbat  enlarged 
extremity,  comes  in  contact  with  the  termination  of  the  pituitaiy 
diverticulum.  The  mesoblaat  around  increases  and  grows  up,  in 
front  of  the  not«chord  and  behind  the  veaiolo  of  the  thiid 
ventricle,  to  form  the  posterior  olinoid  process.  The  base  of  the 
vesicle  of  the  third  veDtricle  at  the  same  time  grows  downwards 
towards  the  pituitaiy  divorticuluDi,  and  Ibrms  what  is  known  as  the 
infuudibulum.  On  the  fourth  day  the  mesoblastio  tissue  around 
the  notochord  increasea  in  quantity,  and  the  end  of  the  notochord, 
though  still  bent  downwards,  recedes  a  little  from  Uie  tarminatitHi 
of  the  pituitary  diverticulum,  which  is  still  a  triai^ular  ^Moe  with 
a  wide  opening  into  the  alimentary  canaL 

On  the  fifth  day,  the  opening  of  the  pituitary  diverticuliin) 
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which  has  already  oommenoed  to  become  vascular.  The  cords 
or  masses  of  epiblast  cells  are  surrounded  by  a  delicate  mem- 
Isana  propria,  and  a  few  of  them  possess  a  small  lumen.  The 
infundibahim  has  increased  in  lengUL  The  relative  positions  of 
the  pituitary  body  and  infimdibulum  are  shewn  in  the  figure  of 
the  brain  in  Chapter  vm. 

On  the  twelfth  day  the  communication  between  the  pituitary 
vesicle  and  the  throat  is  entirely  obliterated,  but  a  solid  cord  of 
cells  still  connects  the  two.  The  vessels  of  the  pia  mater  of  the 
vesicle  of  the  third  ventricle  have  become  connected  with  the 
pitoitaiy  body,  and  the  infimdibulum  has  grown  down  along  its 
posterior  border. 

In  the  later  stages  all  connection  is  lost  between  the  pituitary 
body  and  the  throat,  and  the  former  becomes  attached  to  the 
ekmgeJted  processus  infundHnUi. 

The  real  nature  of  the  pituitary  body  is  still  extremely  obscure, 
but  it  is  not  improbably  the  remnant  of  a  glandular  structure 
which  may  have  opened  into  the  mouth  in  primitive  vertebrate 
forms,  but  which  has  ceased  to  have  a  function  in  existing 
vertebrates^ 

Beyond  an  increase  in  size,  which  it  shares  with 
nearly  all  parts  of  the  embryo,  and  the  change  of 
position  to  which  we  have  already  referred,  the  mid- 
brain undergoes  no  great  alteration  during  the  third 
day.  Its  roof  will  ultimately  become  developed  into 
the  corpora  bigemina  or  optic  lobes,  its  floor  will  form 
the  crura  cerebri,  and  its  cavity  will  be  reduced  to  the 
narrow  canal  known  as  the  iter  a  tertio  ad  quartwm 
tfentrictdum. 

In  the  hind-brain,  or  third  cerebral  vesicle,  that 
part  which  lies  nearest  to  the  mid-brain,  is  during 

^  Wilhelm  Miiller  Ueber  die  Entwicklvmg  und  Bau  der  Hypophysis 
mid  des  Processus  Infundibuli  Cerebri,  Jenaisehe  Zeitsehrift,  Bd.  yl 
1871,  and  Y.  von  Mihalkovios,  Wirbelsaite  u,  Hinunihangf  Arehiv  /. 
mikr.  Anat,  YoL  xi.  1875. 
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the  third  day  marked  off  from  the  rest  hy  a  slight 
constriction.  This  distinction,  which  hecomes  much 
more  evident  later  on  by  a  thickening  of  the  walla  and 
roof  of  the  front  portion,  separates  the  hind-brain  into 
the  cerebellum  in  front,  and  the  medulla  oblongaia 
behind  {Figa.  38  and  39).  While  the  walla  of  the 
cerebellar  portion  of  the  hind-brain  become  very  much 
thickened  as  well  at  the  roof  as  at  the  floor  and  sides, 
the  roof  of  the  posterior  or  medulla  oblongata  portion 
thins  out  into  a  mere  membrane,  forming  a  delicate 
covering  to  the  cavity  of  the  vesicle  (Fig.  40,  iv),  which 
here  becoming  broad  and  shallow  with  greatly  thick- 
ened floor  and  sides,  is  known  as  the  fourth  ventricle, 
subsequently  overhung  by  the  largely  developed  pos- 
terior portion  of  the  cerebellum. 

The  third  day,  therefore,  marks  the  differentiation 
l1i(?    brain    into    five    distinct    [uirt^:    tlie    cerebral 
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About  this  time,  however,  the  lining  of  involuted 
epiblast  along  the  length  of  the  whole  spinal  cord 
becomes  very  much  thickened  at  each  side,  while 
increasing  but  little  at  the  mid-points  above  and  below. 
The  result  of  this  is  that  the  cavity  as  seen  in  section 
(Figs.  64  and  65),  instead  of  being  circular,  has  become 
a  narrow  vertical  slit,  almost  completely  filled  in  on 
each  side. 

In  the  region  of  the  brain  the  thickening  of  the 
lining  epiblast  follows  a  somewhat  different  course. 
While  almost  everywhere  the  sides  and  floor  of  the 
canal  are  greatiy  thickened,  the  roof  in  the  region  of 
the  various  ventricles,  especially  of  the  third  and  fourth, 
becomes  excessively  thin,  so  as  to  form  a  membrane 
reduced  to  almost  a  single  layer  of  cells.     (Fig.  40,  iv.) 

Cranial  and  spinal  nerves.     A    most   important 

event  which  takes  place  during  the  second  and  third 
days,  is  the  formation  of  the  cranial  and  spinal  nerves. 
Till  within  a  comparatively  recent  period  embryologists 
were  nearly  unanimous  in  believing  that  the  peripheral 
nerves  originated  from  the  mesoblast  at  the  sides  of 
the  brain  and  spinal  cord.  This  view  has  now  however 
been  definitely  disproved,  and  it  has  been  established 
that  both  the  cranial  and  spinal  nerves  take  their  origin 
as  outgrowths  of  the  central  nervous  system. 

The  cranial  nerves  are  the  first  to  be  developed  and 
arise  before  the  complete  closure  of  the  neural  groove. 
They  are  formed  as  paired  outgrowths  of  a  continuous 
band  known  as  the  neural  band,  composed  of  two 
laminae,  which  connects  the  dorsal  edges  of  the  incom- 
pletely closed  neural  canal  with  the  external  epiblast. 
This  mode  of  development  will  best  be  understood  by 


THE  THIBB  DAT. 

Fid.  40. 


[chap. 


1] 


1£» 

wit. 

Id  ks*B  bmcid  site  oaDtinaona  amvd 
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■B  «TmiiiMti(wi  of  Kg.  41,  wbere  Ute  two  roots  of  the 
ngn  nave  (■;)  are  shewn  growii^  oat  from  the  oeunJ 
lutd.  Sbort^  afto  this  stage  the  neural  band  becomes 
1  fnjBt  the  extend  epibUst,  and  constitutes 


TuHaTXBBB  Skction  thbodqh  thb  Postebiob  Part  or  thk 
Hkad  of  an  Embryo  Chick  of  Thirtt  Uodrs. 

ib.  hind-bma ;  vg.  vagus  nerve ;  ep.  epiblast ;  eh.  notoohord  ; 
«.  thickeoiag  of  hTpoblast  (poBaibly  a.  rudimeDt  of  the  aub- 
Dotocbordal  rod) ;  al.  throat ;  hi.  heart ;  pp.  body  cavity  j 
•0.  iomstio  mesoblast ;  if.  Bplaochiijc  mesobladt ;  /i^.  bjpo- 
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a  crest  attached  to  the  roof  of  the  bttun,  vhile  its  two 
laminffi  become  fused. 

Anteriorly,  the  neural  crest  extends  as  far  as  the 
roof  of  the  mid-brain.  The  pairs  of  nerves  which 
undoubtedly  grow  out  trom  it  are  the  fifth  pair,  the 
seventh  and  auditory  (as  a  single  root),  the  glosso- 
pharyngeal and  the  various  elements  of  the  vagus  (as  a 
single  root). 

After  the  roots  of  these  nerves  have  become  estah- 
lisbed,  the  crest  connecting  them  becomes  partially 
obliterated.  The  roots  themselves  grow  centrifugally, 
and  eventually  give  rise  to  the  whole  of  each  of  the 
cranial  nerves.  Each  complete  root  develops  a  gan- 
glionic enlai^ement  near  its  base,  and  (with  the  ex- 
ception of  the  third  nerve)  is  distributed  to  one  of  the 
visceral  arches,  of  which  we  shall  say  more  hereaJter. 
The  primitive  attachment  of  the  nerves  is  to  the  root 


VI.]  THE  CRAKIAL  NERVES.  127 

Fio.  13. 


HxAS  or  AK  EuBRYO  Chick  or  the  Third  Day  (SErBKnr- 
FiTS  Hours)  viewed  sideways  as  a  Transparent  Object. 
(From  Huxley.) 

la.  oerebral  bemispheres.  lb,  vesicle  of  the  third  ventricle,  IL 
mid-brain.  III.  bind-brain.  g.  uasal  pit  a.  optic  vesicle. 
b.  otic  vesicle,  d.  inliuidibulum.  e.  pineal  body.  L  noto- 
ohord.  V.  fifth  nerve.  VII.  seventh  nerve,  VIII.  united 
gloaBopbaryiigeal  and  pneumogoatric  nerves,  i,  2,  3,  4,  5 
the  five  visceral  folds, 

brancli  of  the  fifth  nerve)  is  distributed  to  the  first 
visceral  arch. 

The  second  mass  (Figs.  42  and  67,  VII)  is  the  rudi- 
ment of  the  seventh,  or  facial  nerve,  and  of  the  audi- 
tory nerve.     It  is  the  nerve  of  the  second  visceral  arch. 

The  two  masses  behind  the  auditory  vesicle  repre- 
sent the  glossopharyngeal  and  pneumogastric  nerves 
(Fig.  42,  Vm,  Fig.  67,  G.  Pk.  and  Pg.).  At  first 
united,  they  subsequently  become  separate.  The  glosso- 
pharyngeal supplies  the  third  arch,  and  the  pneumo- 
gastric the  fourth  and  succeeding  arches. 

The  later  development  of  the  cnuiisl  nerves  has  oulj  been 
partially  worked  out,  and  we  will  confine  ouraelvea  here  to  a  very 


128  THB  THIBD  DAT.  [CHAP. 

brief  statement  of  some  of  the  main  nanlfa  amT«d  at.  ^tB 
outgrowth  for  the  vagus  nerve  au^^ea  in  tha  ttabrjo  tlw  ftMUtb 
and  succeeding  viacaral  archeo,  and  from  what  wa  know  «l  it 
in  the  lower  vertabnte  types,  wa  maf  oonoluda  that  it  k  a 
compound  nerve,  oompoaad  of  as  man^  primitiTatj  diatini* 
nerves  as  there  are  bnnohea  to  the  vieoeral  aroheo. 

The  gloaso^iuTngeal  nerve  Is  the  nerve  aupplying  Uie  tUid 
visceral  ardi,  the  homdogae  of  the  flnt  faranoliiBl  aroh  of  IMtan 
The  develoionent  of  the  hTpo^oaBol  nttre  is  not  known,  bat  it  to 
perhaps  the  anterior  root  of  a  spinal  narva.  ^n>a  apinal  auuuMoay 
nerve  has  still  amallar  elaima  Uian  Hm  hTpogloaaal  tobonguded 
as  a  true  wanial  nerv&  The  primitively  ain^  root  of  tha 
seventh  auditory  nervea  dividM  almoat  at  onoe  into  two  twawdMa. 
The  anterior  of  these  puiaues  a  straight  conne  to  the  hjeid  afob 
and  forms  the  rudiment  of  the  fecial  nerve^  Fig.  67,  TH ;  tba  aaoond 
of  the  two,  which  is  the  rudiment  of  Uia  aoditoij  DBrva^  daralopa 
A  gaoglionio  enlargement,  and,  turning  badcwaid^  doaejy  hop 
the  ventral  wall  of  the  auditoi;  involutitsL  ^le  aizth  nore 
appears  to  arise  later  than  tiie  seventh  nerra  from  the  THttral 
part  of  the  hind-brain,  and  has  no  ganglion  near  its  root. 
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The  bialarj'  of  'fiie  liiiid  nerve  is  stQl  izspecfiacii^  knoiOL 
Then  is  def^doped  eazfy  cm  isbe  Beomd  day  from  the  aBmml 
cn^  on  the  itKtf  of  tiie  mid-liEKn,  an  ontgniwt^  on  oac&  side, 
very  amflar  to  the  mdhnwiTt  d  1^  poBtflrior  nervea.  Hsis  out- 
giowth  is  luikfed  by  Maeaball  to  be  Ihe  liind  negve,  bnt  it  most 
be  bocDe  in  miiid  iiiat  tfaere  ia  no  dirDot  eridflnoe  on  the  pocot, 
the  late  of  tbe  outgrowHi  in  question  not  ba.Tiz^  been  aatia&c- 
tiMTily  foDofved. 

At  a  Toty  oonaidfinlity  later  period  a  nerre  may  be  foand 
aprm^mff  from  AbJIoot  of  Ae  wM-hrmmj  yAach  is  nndoobtedly 
the  third  nerfe.  If  identical  with  the  iwlfflvmih  jnst  epoken  of^ 
it  must  have  shifted  its  attadmient  from  the  roof  to  the  floor  of 
the  brain. 

The  nerve  when  it  lyrmgw  from  the  floor  of  the  brain  nms 
direetly  bacikwaids  till  it  terminates  in  the  cQiaiy  ganglion, 
from  which  two  brandies  to  the  eye-mnades  are  given  ofil 

[A.  ^Amliari,  •*The  deTelopment  of  the  eranial  nerves  in  the 
Chiek.*'    Quort.  Jawmal  of  Micro9Cop.  Science,  Yd.  xvni.] 

In  the  case  of  the  spinal  nerves  the  posterior  roots 
originate  as  outgrowths  of  a  series  of  median  processes 
of  cells,  which  make  their  appearance  on  the  dorsal  side 
of  the  spinal  cord.  The  outgrowths,  symmetrically 
placed  on  each  side,  soon  take  a  pyriform  aspect,  and 
apply  themselves  to  the  walls  of  the  spinal  cord.  They 
are  represented  as  they  appear  in  birds  in  Fig.  43,  sp,  g,, 
and  as  they  appear  in  a  lower  vertebrate  form  in  Fig.  44. 

The  original  attachment  of  the  nerve-rudiment  to 
the  medullary  wall  is  not  permanent.  It  becomes,  in 
fact,  very  soon  either  extremely  delicate  or  absolutely 
interrupted. 

The  nerve-rudiment  now  becomes  divided  into  three 
parts,  (1)  a  proximal  rounded  portion ;  (2)  an  enlarged 
middle  portion,  forming  the  rudiment  of  a  ganglion ;  (3) 
a  distal  portion,  forming  the  commencement  of  the  nerve. 
The  proximal  portion  may  very  soon  be  observed  to  be 

F.  A  B.  9 
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IK.  nemal  canal ;  pr.  pc«t«rior  root  of  apiool  uerva  ;  x.  aub- 
Dotochordal  rod ;  ao.  aorta ;  te.  sonuitic  meaoblast ;  »p. 
Bpl&nohnic  meaoblast ;  mp.  muscle-plate  ;  mp'.  portioa  of 
moscle-plate  converted  into  muscle ;  Vv.  portion  of  the 
Tertetoal  plate  vhicli  will  give  rise  to  the  vertebral  bodies ; 
o^  alimdQt&ry  traoL 

It  is  extremely  difficult  to  decide  whether  the  per- 
maaent  attachment  of  the  posterior  nerve-roote  to  the 
SfHoal  cord  is  entirely  a  new  formation,  or  merely  due 
to  the  sbiftiog  of  the  original  point  of  attachment 
We  are  inclined  to  adopt  the  former  view. 

The  origin  of  the  anterior  roots  of  the  spinal  nerves 
has  not  as  yet  been  satiB&ctority  made  out  in  Birds ; 
but  it  appears  probable  that  they  grow  from  the  ventral 
comer  of  the  spinal  cord,  considerably  later  than  the 
posterior  rootfl,  as  a  number  of  strands  for  each  nerve, 
8—2 


Sectio!)  thbouoh  the  dorsal  bcqios 
pr.  [xiBterior  root ;  tp.g.  spinal  ganglion 
ment  of  g&nglion  to  spinal  cord ; 
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with  the  fare-bnin  are  sbcHt  u>d  vide.  Hie  eoo- 
'  slnctioDBwhiob  give  lise  to  the  stalks  take  fdaoe  diiefly 
from  above  downwaids,  and  also  acMaewhat  inwards  aod 
backwazds.  Thus  bom  the  first  the  vesicles  ^ipear  to 
spring  firom  the  under  part  of  the  foie-l»ain. 

These  stalks  soon  become  compaiatively  nairow, 
uid  constitate  tbe  radiments  of  the  optic  nerrea  (B^. 
46  b).     The  constriction  to  which  tfae  staUc   or  optic 

Fm.  M. 


SaOtlOR  THBODOH  THI  HKAS  OV  AH  BKBRYO  TBUtOBTBAN,  TO 
8HIW  THE  FOBMATICm  OF  THB  OPTIC  VBaiCLBB,  BTC  (From 
Q«geiibauT ;  after  Sctwnk.) 

A  fora-bnun;  a.. optic  reuole;   b.  stalk  of  optio  redole;    d. 

epidermis. 

nerve  is  due  takes  place  obliquely  downwards  and 
backwards,  ao  that  the  optic  nerves  open  into  the  base 
of  the  front  part  of  the  thalamencephalon  (Fig.  46  6), 

While  these  changes  have  been  going  on  in  the 
optic  stalks,  development  has  also  proceeded  in  the 
r^on  of  the  vesicles  themselves,  and  given  rise  to  the 
nidimente  of  the  retina,  lens,  vitreous  humour,  and 
other  parte  of  the  eye. 
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Towards  tlie  end  of  the  second  day  the  f^xtenial 
or  superficial  epiblast  whicii  covers,  and  ia  in  all  but 
immediate  contact  with,  the  most  projecting  portion  of 
the  optic  vesicle,  becomes  thickened.  This  tfaickcned 
portion  is  then  driven  inwards  in  the  fonn  of  a  sbaJlow 
open  pit  with  thick  walls  (Fig.  47  A,  o),  carrying  before 
it  the  front  wall  (r)  of  the  optic  vesicle.  To  such  an 
extent  does  this  involution  of  the  superficial  epiblast 
take  place,  that  the  front  wall  of  the  optic  vesicle  is 
pushed  close  up  to  the  hind  wall,  and  the  cavity  of  the 
vesicle  becomes  almost  obliterated  (Fig.  47,  B). 

The  bulb  of  the  optic  vesicle  is  thus  converted  into 
a  cup  with  double  walls,  containing  in  ita  cavity  the 
portion  of  involuted  epiblast  This  cup,  in  order  to 
distinguish  its  cavity  from  that  of  the  original  optic 
vesicle,  is  generally  called  the  secondary  optic  vesicle. 
We  may,  for  the  sake  of  brevity,  speak  of  it  as  the 


In  ^tfae  flmi  maftM&atH  lyaHlMTfr  i  im  bbbh  to  be  lihiobfiniid  «t  x, 
in  front  of  Ike  cptie  ▼BBcie,  end  iuviAuted  ao  as  to  Imii 
a  pit  fl^  Ike  Boniii  cf  -wlnoh  bas  ahwdj  begun  to  dose  m. 
Owing  to  Ham  mwotatiim,  wbaokt  SonoB  Ike  rodmiBnt  cf  tbe 
koi^  ilie  cptie  iFvaide  is  dooblad  in,  iti  froBft  pcxtkn  r  ben^ 
poflbed  agiinst  tibe  back  pcrtion  m,  and  1^  original  oaTity 
of  tbe  Toaide  tlras  rodnoed  in  szaeL  Hie  atalk  of  the  Teaicle 
ia  abewn  aa  atill  broad. 

In  Bj  the  optic  Toaicle  ia  stall  farther  doaUed  in  so  as  to  fonn  a 
cop  with  a  poatenar  wall  «  and  an  anterior  wall  r.  In  the 
bdlow  of  this  cop  lies  the  lens  2,  now  oompletel j  detached 
from  the  saper6dal  efMUast  4e:  Its  cavity  is  still  shewn. 
The  cayity  of  the  stalk  of  the  optic  Teside  ia  already  much 
narrowed. 

blast,  which  forms  a  continuous  layer  in  front  of  it, 
all  traces  of  the  original  opening  being  lost  There  is 
thus  left  lying  in  the  cup  of  the  secondary  optic  vosicle, 
an  isolated  elliptical  mass  of  epiblast  This  is  the 
rudiment  of  the  lens.  The  small  cavity  within  it 
speedily  becomes  still  less  by  the  thickening  of  the 
walls,  especially  of  the  hinder  one. 

At  its  first  appearance  the  lens  is  in  immediate 
contact  with  the  anterior  wall  of  the  secondary  optic 
vesicle  (Fig.  47  B).    In  a  short  time,  however,  tho  lens 
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is  seeQ  to  He  in  the  mouth  of  the  cup  (Fig.  50  A),  a 
apace  {vk)  (which  is  occupied  by  the  vitreous  homour) 
making  its  appeariince  between  the  lens  and  anterior 
wall  of  the  vesicle. 

Id  order  to  understand  how  thi^  space  is  developed, 
the  position  of  the  optic  vesicle  and  the  relations  of 
ita  stalk  must  be  borne  in  mind. 

The  vesicle  lies  at  the  side  of  the  head,  and  its 
stalk  is  directed  downwards,  inwards  and  backwards. 
The  stalk  in  iact  slants  away  from  the  vesicle.  Hence 
when  the  involution  of  the  lens  takes  place,  the  direc- 
tion in  which  the  front  wall  of  the  vesicle  is  pushed  in 
is  not  in  a  line  with  tho  axis  of  the  stalk,  se  for 
simplicity's  sake  has  been  represented  in  the  diagram 
Fig.  47,  but  forms  an  obtuse  angle  with  that  axis,  after 
the  manner  of  Fig.  i8,  where  s   represents  the  cavity 
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of  the  stalk  leading  away  from  the  ahnost  obliterated 
cavity  of  the  primary  vesicle. 

Fig.  48  represents  the  early  stage  at  which  the 
lens  fills  the  whole  cup  of  the  secondary  vesicle.  The 
subsequent  state  of  affairs  is  brought  about  through 
the  growth  of  the  walls  of  the  cup  taking  place  more 
rapidly  than  that  of  the  lens.  But  this  growth  or  this 
dilatation  does  not  take  place  equally  in  all  parts  of 
the  cup.  The  walls  of  the  cup  rise  up  all  round  except 
that  part  of  the  circumference  of  the  cup  which 
adjoins  the  stalk.  While  elsewhere  the  walls  increase 
rapidly  in  height,  carrying  so  to  speak  the  lens  with 
them,  at  this  spot,  which  in  the  natural  position  of  the 
eye  is  on  its  under  surface,  there  is  no  growth:  the 
wall  is  here  imperfect,  and  a  gap  is  left.  Through  this 
gap,  which  afterwards  receives  the  name  of  the  cho- 
roidal fissure,  a  way  is  open  from  the  mesoblastic  tissue 
surrounding  the  optic  vesicle  and  stalk  into  the  interior 
of  the  cavity  of  the  cup. 

From  the  manner  of  its  formation  the  gap  or  fissure 
is  evidently  in  a  line  with  the  axis  of  the  optic  stalk, 
and  in  order  to  be  seen  must  be  looked  for  on  the 
under  surface  of  the  optic  vesicle.  In  this  position  it 
is  readily  recognized  in  the  transparent  embryo  of  the 
third  day,  Figs.  37  and  48. 

Bearing  in  mind  these  relations  of  the  gap  to  the 
optic  stalk,  the  reader  will  understand  how  sections  of 
the  optic  vesicle  at  this  stage  present  very  different 
appearances  according  to  the  plane  in  which  the 
sections  are  taken. 

When  the  head  of  the  chick  is  viewed  from  under- 
neath as  a  transparent  object  the  eye  presents  very 


13S 


THE  THmO  DAT. 


[CEAP. 


much  the    appearance    represented    in   the    diagram 
Fig.  49. 

A  section  of  such  an  eye  token  along  the  line  y, 
perpendicular  to  the  piano  of  the  paper,  would  give  a 
figure  corresponding  to  that  of  Fig.  50  A.  The  lens, 
the  cavity  and  double  walls  of  the  secondary  vesicle,  and 
the  remains  of  thw  primary  cavity,  would  all  be  repre- 


i 
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pfrpnndftrailw  to  ibe  pbair  cf 
tbe  p^«^  akng  tibe  fine  jn,  jc,  F^  49.  Hk  stifi:  s  not 
aeeDy  tbe  asotkn  fiJiiz^  qahe  ois  of  itt ivgkBL  d^liolkiw 
of  optic  cop  fiDfid  vxtii  TitreoiB  imnkaiir ;  oniier  letteas  ja  in 
Kg.  47  A 

B.  Sectiop  taken  pMmlW  to  iht  phme  of  paper  through  Kg.  49> 
80  £Bur  behind  the  front  soi&oe  of  the  ere  as  to  shaTC  off  a 
small  portion  of  the  posterior  aor&oe  of  the  lens  2,  but  so 
far  in  front  as  not  to  be  earned  at  all  throogfa  ths  stalk. 
Letters  as  before ;  /,  the  dioix)idal  fissore. 

C.  Section  along  the  line  i^  2,  popendicolar  to  the  plana  of  the 
paper,  to  shew  the  chorcndal  fissure^  and  the  continuity  of 
the  cavity  of  the  optic  stalk  with  that  of  the  primary  optic 
Tesida  Had  this  section  been  taken  a  little  to  either  side  of 
the  line  1,  z^  the  wall  of  the  optic  cup  would  have  extended 
np  to  the  lens  below  as  well  as  above.    Letters  as  above. 

sented  (the  superficial  epiblast  of  the  head  would  also 
be  shewn) ;  but  there  would  be  nothing  seen  of  either 
the  stalk  or  the  fisstire.  If  on  the  other  hand  the 
section  were  taken  in  a  plane  parallel  to  the  piano  of 
the  paper,  at  some  distance  above  the  level  of  the 
stalk,  some  such  figure  would  be  gained  as  that  shown 
in  Fig.  50  B.  Here  the  fissure  /  is  obvious,  and  the 
communication  of  the  cavity  vh  of  the  secondary  vosiclo 
with  the  outside  of  the  eye  evident;  the  section  of 
coarse  would  not  go  through  the  superficial  epiblaat. 
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Lastly,  a  section,  taken  perpendicular  to  the  piano  of 
the  paper  along  the  line  x,  i.e.  through  the  6ssure 
itself,  would  present  the  appearances  of  Fig.  50  C, 
where  the  wall  of  the  vesicle  is  entirely  wanting  in  the 
region  of  the  fissure  marked  by  the  posation  of  the 
letter  /.  The  external  epiblast  has  been  omitted  in 
the  figure. 

The  fissure  such  as  we  have  described  it  exists  for 
a  short  time  only.  Its  lips  come  into  contact,  and 
unite  (in  the  neighbourhood  of  the  lens,  directly,  but  in 
the  neighbourhood  of  the  stalk,  by  the  intervention  of 
a  structure  which  we  shall  describe  presently),  and  thus 
the  cup-like  cavity  of  the  secondary  optic  ve-sicle  is 
furnished  with  a  complete  wall  all  round.  The  interior 
of  the  cavity  is  filled  by  the  vitreous  humour,  a  clear 
fiuid  in  which  are  a  few  scattered  cells. 

With  THferaiuiB  bi  tha  ahavn  dsBOriiitian.  twn  noinlA  reauiiB 
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the  eyeball  is  definitely  formed.  The  internal  portions 
of  this  investment,  nearest  to  the  retina,  become  the 
chorcid  (i.e.  the  choruhcapiUaris,  and  the  lamina 
Jiuca,  the  pigment  epithelium,  as  we  have  seen,  being 
derived  firom  the  epiblastic  optic  cup),  and  pigment  is 
subsequently  deposited  in  it.  The  remaining  external 
portion  of  the  investment  forms  the  sclerotic. 

The  complete  differentiation  of  these  two  coats 
of  the  eye  does  not  however  take  place  till  a  late 
period. 

In  firont  of  the  optic  cup  the  mesoblastic  invest- 
ment grows  forwards,  between  the  lens  and  the  super- 
ficial epiblast,  and  so  gives  rise  to  the  substance  of 
the  cornea;  the  epiblast  supplying  only  the  anterior 
epithelium. 

We  may  now  proceed  to  give  some  further  details 
with  reference  to  the  histological  differentiation  of  the 
parts,  w^ose  general  development  has  been  dealt  with 
in  the  preceding  pages. 

The  histological  condition  of  the  eye  in  its  earliest 
stages  is  very  simfde.  Both  the  epiblast  forming  the 
walls  of  the  optic  vesicle,  and  the  superficial  layer 
which  is  thickened  to  become  the  lens,  are  composed  of 
simple  columnar  cells.  The  surrounding  mesoblast  is 
made  up  of  cells  whose  protoplasm  is  more  or  less 
branched  and  irregular.  These  simple  elements  are 
gradually  modified  into  the  complicated  tissues  of  the 
adult  eye,  the  changes  undergone  being  most  marked 
in  the  cases  of  the  retina,  the  optic  nerve,  and  the 
lens  with  its  appendages. 

The  optic  vesicle.  We  left  the  original  cavity  of 
the  primary  optic  vesicle  as  a  nearly  obliterated  space 
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between  the  two  walls  of  the  optic  cup.  By  the  end 
of  the  third  day  the  oblitemtioQ  is  complete,  and  the 
two  wfills  are  in  immediate  contact. 

The  inner  or  anterior  wall  is,  from  the  first,  thicker 
than  the  outer  or  posterior ;  and  over  the  greater  part 
of  the  cup  thia  contrast  increttsea  with  the  growth  of 
the  eye,  the  anterior  wall  becoming  markedly  thicker 
and  undergoing  changes  of  which  we  shall  have  to 
speak  directly  (Fig.  51). 

In  the  front  portion  however,  along,  so  to  speak,  the 
lip  of  the  cup,  anterior  to  a  line  which  afterwards  be- 
comes the  ora  serrata,  both  layers  not  only  cease  to 
take  part  in  the  increased  thickening,  accompanied  by 
peculiar  histological  changes,  which  the  rest  of  the  cup 
is  undergoing,  but  also  completely  coalesce  together. 
Th\is  a  hind  portion  or  true  retina  is  marked  off  from  a 
front  portion. 
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Skthox  of  the  Eix  of  Chios  at  the  Fouam  D1.1. 
tp.  soperfitaal  epiblaat  of  the  side  of  the  head. 
B.  tme  retina :  anterior  wall  of  the  optic  cup.    p.  Ch.  pigment- 

qiithelium  of  the  choroid  ;  jHwterior  wall  of  the  optic  cup. 

6  is  placed  at  the  extreme  lip  of  the  optic  cup  at  what  will 

beoome  the  nuigiii  of  the  iris. 
I.  the  lens.    The  hind  wall,  the  nuclei  of  whose  elongated  cella 

are  shewn  at  til,  now  fomu  nearlj  the  whole  mass  of  the  leoa, 

tbe  front  wall  being  reduced  to  a  layer  of  flattened  cells  d. 
M.  the  msBoblaat  Bunonnding  the  optic  cup  and  about  to  form 

the  olxmnd  and  ederotia    It  is  seen  to  pass  forward  between 

the  1^  of  the  optic  cup  and  the  superficial  epiblast. 
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Filling  ap  a  large  part  of  the  hollow  of  tho  optic  cap  ia  eeeu 
B  hyaline  maaa  forming  the  hyaloid  merabraiie  tvad  tbo  coagulum 
of  the  Titreoua  humour.  In  the  neighbourhood  of  the  lena  it 
seema  to  be  continuous  as  at  cJ  with  the  ti^ue  a,  nhtch  in  turn 
ia  contiiiuoua  with  the  mesoblast  m,  and  appeoTB  to  be  the 
rudiment  of  the  capsule  of  the  lens  and  Buapensory  ligament. 

Thus  while  the  hind  moiety  of  the  optic  cup  be- 
comes the  retina  proper,  including  the  choroid -pigment 
in  which  the  rods  and  conea  are  imbedded,  the  front 
moiety  is  converted  into  the  ciliary  portion  of  the 
retina,  cohering  the  ciliary  processes,  and  into  the  uvea 
of  the  iris;  the  bodies  of  the  ciliary  processes  and  the 
substance  of  the  iris,  their  vessels,  muscles,  connective 
tissue  and  ramified  pigment,  being  derived  from  the 
mesohlaatic  choroid.  The  margin  of  the  pupil  marks 
the  extreme  lip  of  the  optic  vesicle,  where  the  outer  or 
posterior  wall  turns  round  to  join  the  inner  or  anterior. 
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On  the  fiiiirth  day,  the  imier  (anterior)  iraB  of  the 
optic  cap  (1%.  51,  JB)  is  perfecthr  UTiifonn  in  stmctare, 
beiii^  oompaBed  of  elongated  somewhat  spindle-s^iaped 
cellsy  widi  distizict  sndei  On  its  external  (posterior) 
zaAce  a  diirtmnt  coticQlar  memfanne,  the  membrana 
UmUans  exienui,  eaij  appears. 

As  the  wall  increaaes  iq  t^ckness,  its  oeDs  mnhiply 
lapidly,  so  that  it  soon  appears  to  be  several  cells  thick : 
each  cell  bexng  howerer  prohaUy  continned  through 
the  whole  tiiirlrT>#>att  of  the  layer.  The  wall  at  this 
stage  conespcfuds  closely  in  its  stractnre  with  the  hrain, 
of  which  it  may  properly  be  looked  upon  as  part  Ac- 
cording to  the  usual  view,  which  is  not  however  fiilly 
sapported  by  recent  observations,  the  retina  becomes 
divided  in  its  subsequent  growth  into  (1)  an  outer 
part^  corresponding  morphol(^cally  to  the  epithelial 
lining  of  the  cerelHx>-spinal  canal,  composed  of  what 
may  be  called  the  visual  cells  of  the  eye,  i.  e,  the  cells 
forming  the  outer  granular  (nuclear)  layer  and  the  rods 
and  cones  attached  to  them ;  and  (2)  an  inner  portion 
consisting  of  the  inner  granular  (nuclear)  layer,  the 
inner  molecular  layer,  the  ganglionic  layer  and  the 
layer  of  nerve-fibres  corresponding  morphologically  to 
the  substance  of  the  brain  and  spinal  cord. 

The  actual  development  of  the  retiDa  is  not  thoroughly 
understood.  According  to  the  usuiU  statements  (K5lliker^)  the 
layer  of  ganglion  cells  and  the  inner  molecular  layer  are  first 
differentiated,  while  the  remaining  cells  give  rise  to  the  rest 
of  the  retina  proper,  and  are  bounded  externally  by  the  membrana 
limitans  externa.  On  the  inner  side  of  the  ganglionic  layer  the 
stratum  of  nerve-fibres  is  also  very  early  established.     The  rods 

^  Entwick.  d.  Meruehen^  «tc.,  1879. 
F.  A  B.  10 
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and  cones  are  formed  aa  prolongtitioiui  or  outicuUrixations  of  tbe 
cells  which  eventual!;  form  the  outer  granular  lajer.  The  li^r 
of  cells  external  to  the  molecular  la^er  is  not  divided  till 
comparatively  late  into  the  inner  and  outer  granular  (nuclear) 
laj'crs,  and  the  interposed  outer  molecular  lajer.    ' 

Lijwe*  has  recently  written  an  elaborate  paper  on  this  subject 
ia  which  he  arrivea  at  very  different  results  from  E&lliker 
and  other  obeervere. 

According  to  him  ouly  tlie  outer  limbs  of  the  rods  and 
cones,  which  he  holds  to  be  metamorphosed  cell^  coriet^nd  to 
the  epithelial  lajer  of  the  bmin. 

The  changes  described  above  are  confined  to  that 
portioD  of  the  retina  which  lies  behind  the  ora  serrata. 
In  front  of  this  both  walla  of  the  cup  coalesce  as  we 
have  said  into  a  cellular  layer  in  which  a  deposit  of 
pigment  takes  place. 

At  a  very  earl;  period  a  membrane  appears  on  the  side  of 
the  retina  af^oioing  the  vitreous  humour.    This  membrane  is 
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to  be  complete.  The  fibres  arise  in  the  remainder  of 
the  nerves  somewhat  later.  At  first  the  optic  nerve 
is  equally  continuous  with  both  walls  of  the  optic  cup ; 
as  must  of  necessity  be  the  case,  since  the  interval 
which  primarily  exists  between  the  two  walls  is  con- 
tinuous with  the  cavity  of  the  stalk.  When  the  cavity 
within  the  optic  n:erve  vanishes,  and  the  fibres  of  the 
optic  nerve  appear,  all  connection  between  the  outer 
wall  of  the  optic  cup  and  the  optic  nerve  disappears, 
and  the  optic  nerve  simply  perforates  the  outer  wall, 
remaining  continuous  with  the  inner  one. 

The  choroid  fissnre.  During  the  third  day  of  incu- 
bation there  passes  in  through  the  choroid  sUt  a  vas- 
cular loop,  which  no  doubt  supplies  the  transuded 
material  for  the  growth  of  the  vitreous  humour.  Up  to 
the  fifth  day  this  vascular  loop  is  the  only  structure 
passing  through  the  choroid  slit  On  this  day  however 
a  new  structure  appears,  which  remains  permanently 
through  life,  and  is  known  as  the  pecten.  It  consists 
of  a  lamellar  process  of  the  mesoblast  cells  round  the 
eye,  passing  through  the  choroid  slit  near  the  optic 
nerve,  and  enveloping  part  of  the  afferent  branch  of 
the  vascular  loop  above  mentioned.  The  proximal  part 
of  the  free  edge  of  the  pecten  is  somewhat  swollen,  and 
sections  through  this  part  have  a  club-shaped  form. 
On  the  sixth  day  the  choroid  slit  becomes  rapidly 
closed,  so  that  at  the  end  of  the  sixth  day  it  is  reduced 
to  a  mere  seam.  There  are  however  two  parts  of  this 
seam  where  the  edges  of  the  optic  cup  have  not 
coalesced.  The  proximal  of  these  adjoins  the  optic 
nerve,  and  permits  the  passage  of  the  pecten,  and  at  a 
later  period  of  the  optic  nerve ;  and  the  second  or  distal 

10—2 
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one  is  placed  near  the  ciliary  edge  of  the  slit,  and  ia 
traversed  by  the  efferent  branch  of  the  above-men- 
tioned vascular  loop.  This  vessel  soon  atrophies,  and 
with  it  the  distal  opening  in  the  choroid  slit  completely 
vanishes.  In  some  varieties  of  domestic  Fowl  (Lieber- 
kiihn)  the  opening  however  persists.  The  seam  which 
marks  the  original  site  of  the  choroid  slit  is  at  first  con- 
spicuous by  the  absence  of  pigment,  and  at  a  later 
period  by  the  deep  colour  of  its  pigment.  Finally,  a 
little  after  the  ninth  day,  no  trace  of  it  is  to  be 
seen. 

Up  to  the  eighth  day  the  pecten  remains  as  a  simple 
lamina ;  by  the  tenth  or  twelfth  day  tt  b^ns  to  be 
folded  or  rather  puckered,  and  by  the  seventeenth  or 
eighteenth  day  it  is  richly  pigmented,  and  the  pucker- 
ings  have  become  nearly  as  numerous  as  in  the  adult, 
there  being  in  all  seventeen  or  eighteen.     The  pecten 


VI.]  THE  Lias.  ^^^ 

ating  fix>in  it  as  from  a  oezttx^   xd  tSl   jaaUB   of  litt 
retina. 

The  lens.  This  when  first  idaofid  s  «iiiierlac 
elliptical  in  section  with  a  Boall  opptrii  cvsi^  of  a 
similar  shape,  the  boat  and  hznd  walk  l»eanr  <^  usaa^ 
equal  thickneas,  eadi  oonsbdag  cf  a  ssa^  ImMer  \£ 
elongated  columnar  ceD& 

In  the  subsequent  gnnrth  of  the  kss,  ixe  dcv^s^ 
ment  of  the  hind  wall  is  of  a  pracaBih'  cififponfr  ei»^ 
lacter  to  that  of  the  frmt  walL  TW  h»d  wiJI  \0txxBUfA 
much  thicker,  and  tends  to  obfit^Esste  1^  ffiaoziil  tsxi:^ 
by  becoming  conTex  on  its  front  Bur&oeL  Jki  tiie  aoMr 
time  its  cells,  still  remaining  as  a  sagkr  ^Mf^r,  Vsi»iDi& 
elongated  and  fibreJika  Hie  front  wiJl  on  ^uut  <xa^ 
traiy  becomes  thinner  and  thinner  and  its  «is&  luas^ 
and  more  flattened  and  paTement^Uke. 

These  modes  of  growth  contiinie  TzzTtO  at  'die  €9br^  t^ 
the  fourth  day,  as  shewn  in  fig.  51,  tL»:  coirrex  Im^ 
wall  Z  comes  into  absolute  contact  with  tbe  fr*»:t  wsJl 
el  and  the  cavity  is  thus  entirely  obliterst^  Tim;  <^Ijf 
of  the  hind  wall  have  by  this  time  \xtfjB10:.  T^nrtssiuM: 
fibres,  which,  when  seen  in  section,  s^xpear  t/>  \0i  trr^Af^^ 
nearly  parallel  to  the  optic  axis,  thdr  mad<<^  *l  b^sjb^ 
seen  in  arow  alongtheir  middle.  The  front  wa^^  iooi^ 
what  thickened  at  either  side  where  it  be^>Kiai^  <//ritirxn^ 
ous  with,  the  hind  wall,  is  now  a  single  lar<5T  of  ftsitVrr^ 
cells  separating  the  hind  wall  of  the  lens,  or  aK  w«;  f/«;^y 
now  say  the  lens  itself,  from  the  front  Hmb  </  tr^ 
lens-capsule ;  of  this  it  becomes  the  epithelium. 

The  subsequent  changes  undergone  conjrist  chietlj  in 
the  continued  elongation  and  multiplication  of  tb^  h^tf^ 
fibres,  with  the  partial  disappearance  of  their  nucli^. 
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During  their  multiplication  they  become  arranged 
in  the  manner  characteristic  of  the  adult  lens. 

The  lens  capsule  is  prohably  formed  aa  a  cuticular 
membrane  deposited  by  the  epithelial  cells  of  the  lens. 
But  it  should  be  stated  that  many  embryologists  r^ard 
it  as  a  product  of  the  mesoblast. 

The  vitreoas  Inuuonr.  The  vitreous  humour  is  a 
mesoblastic  product,  entering  the  cavity  of  ihe  optic 
cup  by  the  choroid  slit  just  spoken  of.  It  is  nourished  by 
the  vascular  ingrowths  through  the  choroid  slit.  Its 
i-sact  nature  has  been  much  disputed.  It  arises  as  a 
kind  of  transudation,  but  frequently  however  coatUDS 
blood-coq^uscles  and  embryonic  mesoblastic  cells.  It 
is  therefore  intermediate  in  its  character  between  or- 
dinary intercellular  substance,  and  the  fiuids  contained 
s  cavities. 


tl]  lara:  uucmu^  lixi 


;jniff  i:;jliMii 


At  ilB  e%e  docr  x  &  bbaL  zii^^mfgiec  swbe  Bonnaec 
bjtfaeo«iterd^n,'di&lBaKsiiciii£«d^  aflu  ogBir  on. 
There  ajpiii,  fi  iSiiiic  -aais-  ^amt  jfOusK,  -att  oaTipr  a: 
the  kos  is  eoBfikaBhr  aUtnoDDHSed.  &  BsnuamsiBBF  jvtbt 
extemal  to  tke  iIidte  zizj^I^  ^hde-  sue  immediBseiT 
adjoining  tlie  iiiii£r  fuse  of  -dit  fipidermk.  !EiiiF  jv^er. 
whidi  fioriBS  tlie  cxBnmBncsniBin  of  ixif  camefc  pnijiBC, 
at  first  oolj  fiooDS  a  Ting  Hi  "Ait  border  of  linr  jbol 
thickest  at  its  enter  ecif&.  and  gxftdniJhr  ihiznmu: 
a.way  tovaids  tiie  oesxize.  Ix  bool  liDWPPer  lidcames 
bioader,  aad  finally  focms  a  cxnnaxmoDF  msxsam  of  con- 
sideiaUe  thidmeaB,  interpoBed  betwaen  like  ertenuJ 
skin  and  the  kns.  As  booh  as  t^  sazaxmn  lias 
reached  a  certain  thidLn^s,  a  lajer  of  fiasiened  cells 
groiTB  in  along  its  inner  side  from  the  mesofalast  sor- 
ronnding  the  optic  cap  (Fig.  52.  dm).  This  layer  is 
the  epithelioid  layer  of  the  membrane  of  Descemet^ 
After  it  has  beccHne  completely  estahlished,  the  mescH 
blast  around  the  edge  of  tbe  cornea  becomes  divided 
into  two  strata ;  an  inner  one  (Fig.  52  c6)  destined  to 
form  the  mesoblastic  tissue  of  the  iris  already  described, 
and  an  outer  one  (Fig.  52  cc)  adjoining  the  epidermis. 
The  outer  stratum  gives  rise  to  the  corneal  corpuscles, 
which  are  the  only  constituents  of  the  cornea  not  yet 
developed     The  corneal  corpuscles  make   their  way 

1  It  appears  possible  that  Lieberkiihn  may  be  right  in  stating 
thai  the  epithelium  of  Descemet*s  membrane  grows  in  betwoou  tho 
lens  and  the  epiblast  before  the  formation  of  the  oomea  proper,  and 
that  Kessler's  account,  given  aboye,  may  on  this  point  require  corrco- 
tion.  From  the  stmctnre  of  the  eye  in  some  of  the  lower  forms  it 
seems  probable  that  Descemet's  membrane  is  continuous  with  the 
choxoid. 


THE  THIBD  DAY. 

Fio.  sa. 


Section  throuqh  the  etb  of  a  Fowl  on  thi  siohth  D&X 
of  develofhest,  to  shew  the  irib  an&  c0b5u.  in  the 
PB0CES3  OF  EORMATIOK.    (After  EeBsler.} 

ep.  epiblastic  epitheliiun  of  cornea ;  ee.  oomeAloorpnaclesgnnring 
into  tiie  etructureleaa  matrix  of  the  cornea ;  dm.  Deecemat^ 
membrane ;  I'r.  iris ;  cb.  mesoblast  of  the  iria  (this  referenoe 
letter  points  a  little  too  high). 

The  space  between  the  layers  <im.  and  ep.  ia  filled  with  tbe 
structureleaa  matrix  of  the  cornea. 


through  the  structureless  comes!  layer,  and  divide  it 
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cellular  elements  have  made  their  way  into  the  cornea, 
the  latter  becomes  continuous  at  its  edge  with  the  meso- 
blast  which  forms  the  sclerotic. 

The  derivation  of  the  original  structureless  layer  of  the  cornea 
is  still  uncertain.  Kessler  derives  it  from  the  epiblast,  but  it 
appears  more  probable  that  K5lliker^  is  right  in  regarding  it 
as  derived  from  the  mesoblast.  The  grounds  for  this  vie^  are, 
(1)  the  fad  of  its  growth  inwards  from  the  border  of  the  meso- 
blast round  the  edge  of  the  eye,  (2)  the  peculiar  relations  between 
it  and  the  corneal  corpuscles  at  a  later  period.  This  view  would 
receive  still  further  support  if  a  layer  of  mesoblast  between  the 
lens  and  the  epiblast  were  really  present  as  believed  by  Lieber- 
Idihn.  It  must  however  be  admitted  that  the  objections  to 
Keasler^s  view  of  its  epiblastic  nature  are  rather  a  priori  than 
founded  on  definite  observation. 

The  observations  of  Kessler,  which  have  been  maioly  followed 
in  the  above  account,  are  strongly  opposed  by  Lieberklihn  and 
other  observers,  and  are  not  entirely  accepted  by  KSlliker.  It 
is  however  especially  on  the  development  of  these  parts  in  Mam- 
malia (to  be  spoken  of  in  the  sequel)  that  the  above  authors 
found  their  objections. 

The  aqueous  huiaour.  The  cavity  for  the  aqueous 
humour  has  its  origin  in  the  ring-shaped  space  round 
the  front  of  the  lens,  which,  as  already  mentioned,  is 
bounded  by  the  external  skin,  the  edge  of  the  optic  cup, 
and  the  lens.  By  the  formation  of  the  cornea  this 
space  is  shut  ofif  from  the  external  skin,  and  on  the 
appearance  of  the  epithelioid  layer  of  Descemet's 
membrane  a  continuous  cavity  is  developed  between 
the  cornea  and  the  lens.     This  cavity  enlarges   and 

^  L.  Kessler,  Zur  Entivick.  d.  Auges  d.  Wirbelthiere,  Leipzig,  1874. 
N.  lieberkiilm,  **  Beitrage  z.  Anat.  d.  embryonalen  Augcs,"  Arckiv 
/.  Anat.  V.  Phys.,  1879.  Kolliker,  Enttoick.  d,  Mensehen^  etc.  Leipzig, 
1879. 
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receives  its  Snal  form  upon  the  full  development  of  tlie 
iris. 

Summary.  We  may  briefly  Fscapitulate  the  mun 
facts  in  the  development  of  the  eye  as  follows. 

The  eye  commences  as  a  lateral  outgrowth  of  tlie 
fore-brain,  in  the  fonn  of  a  stalked  vesicle. 

The  stalk,  becoming  narrowed  and  subsequently 
solid,  is  converted  into  the  optic  nerve. 

An  involution  of  the  superficial  epiblast  over  the 
front  of  the  optic  vesicle,  in  the  form  first  of  a  pit,  then 
of  a  closed  sac  with  thick  walls,  and  lastly,  of  a  solid 
rounded  mass  (the  small  central  cavity  being  entirely 
obliterated  by  the  thickening  of  the  hind  wall),  gives 
rise  to  the  lens.  Coincidently  with  this  involution  of 
the  lens,  the  optic  vesicle  is  doubled  up  on  itself,  and 
its  cavity  obliterated ;   thus  a  secondaiy  optic  vesicle 

i.iptic  cup  with  a  thick  anterior  and  a  thin  posterior 


\ 
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die  dknoidal  fisBoie  gires  nse  to  tlie  Tikeoos  kmiMMir, 
while  at  a  hier  stage  a  definite  process  of  this  meso- 
blast  becomes  the  pecten. 

Of  the  waDs  of  the  optic  cap,  the  thinner  oater 
(posterior)  wall  becomes,  behind  the  tine  of  the  ora 
senata^  the  pigment-epitheKom  of  the  choroid,  while 
the  thicker  inner  (anterior)  wall  supplies  all  the  ele* 
ments  of  the  retina^  including  the  rods  and  cones  which 
grow  oat  from  it  into  the  pigment-epithelium. 

In  front  of  the  line  of  the  ora  serrata,  both  walls  of 
the  optic  cup,  quite  thin  and  wholly  fused  together,  give 
rise  to  the  pigment-epithelium  of  the  ciliary  processes 
and  ui%  the  bodies  of  both  these  organs  being  formed 
from  the  mesoblastic  investment 

Aoceuory  Organs  connected  with  the  Eye. 

Eyelids.  The  most  important  accessory  structures  connected 
with  the  eye  are  the  eyelids.  They  are  developed  as  simple  folds 
of  the  integument  with  a  mesoblastic  prolongation  between  their 
two  lamins.  They  are  three  in  number,  viz.  an  upper  and  lower, 
and  a  lateral  one — ^the  nictitating  membrane — springing  from 
the  inner  or  anterior  border  of  the  eye.  Their  inner  face  is  lined 
by  a  prolongation  of  conjunctiva,  which  is  the  modified  epiblast 
covering  the  cornea  and  part  of  the  sclerotic. 

The  Lacrymal  glands  and  Lacrymal  duct. 

The  lacrymal  glands  are  formed  as  solid  ingrowths  of  the 
oQigTmctival  epithelium.  They  appear  on  the  eighth  day  of 
incubation. 

The  lacrymal  duct  begins  as  a  solid  ridge  of  the  opidormiN, 
projecting  inwards  along  the  line  of  the  so-called  lacrymal  groove, 
frona  the  eye  to  the  nasal  pit. 

At  the  end  of  the  sixth  day  this  ridge  begins  to  be  separated 
ttom,  the  epidermis^  remaining  however  united  with  it  on  the 
inner  side  of  the  lower  eyelid. 


156  THE  THIRD  DAT.  [CHAP. 

After  it  has  become  free,  it  forma  a  aolid  conJ,  the  lower  end 
of  which  unites  nith  the  wall  of  the  nasal  cavitj.  The  oord 
BO  formed  gives  rise  directly  to  the  whole  of  the  duct  propor  and 
to  the  lower  branch  of  the  collecting  tube.  The  upper  branch  oS 
tlie  collecting  tube  ia  formed  as  an  outgrowth  <from  it.  A  Itunen 
begins  to  be  formed  in  it  on  the  twelfth  daj  of  incubation,  and  first 
appears  at  the  nasal  cod.  It  arises  aa  a  epaoe  amongst  the  oella 
of  the  cord,  but  is  not  due  to  an  absorption  of  the  central  oellt'. 

Organ  of  hearing.    During  the  second  day  the  etar 

first  made  its  appearance  on  either  Bide  of  the  hind- 
brain  as  an  involution  of  the  external  epiblast,  thrust 
clown  into  the  mass  of  mesoblast  rapidly  developing 
between  the  epiblast  of  the  skin  and  that  of  the  neural 
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Laa.  wxtic  bvnk  of  mutdibular  txdi ;  pp.  hoMl  tMvitj  at 

fint  viwal  dcA ;  H  rodin^Dt  <]f  tfajroid  bud;, 
canal  (E^.  27,  au.  ^.).  It  then  bad  tbe  iuem  (A  k 
shallow  pit  inth  a  widely  open  month,  smdlar  in  fijnn 
to  that  shewn  for  an  embiyo  dog-fish  in  Fig.  53,  ml  p. 
Before  the  end  of  the  tliini  day,  its  muntii  ckaes  up  and 
all  signs  of  the  t^tening  are  obliterated.  The  pit  ^iiux 
becomes  ocmTerted  into  a  closed  vendu,  hutd  ■mjtit 
e^blast,  and  suironnded  by  mesoUast.  This  T«ticie  ia 
the  oUc  twicb,  whose  caviij  nptd];  enlkr^es  while  iu 
walls  beorane  thJAt-wA  ^Fig.  a4,  (X'^ 
FKl  5*. 


or  isa  Tsras  IJx?  ..»  tf-.. 
T7.  Fooitii  Tratride.    Tie  fiwCrf-Ji  ««»*  ■5-. 


Two  TiKWB  OT  THE    mekbrahodb    Labyodhh  of  Coldkda 

DoHBBTicA  (copied  from  Basse). 

A,  from  the  exterior,  B,  from  the  iotarior. 

W.bomontal  semicirciilsr  canal,  Aor.  ampulla  of  <litto,;>a^.  pos- 
terior vertical  Bemicirculsr  canal,  poff.  ampulla  of  ditto, 
fi'.  aliteriar  vertical  semicircular  canal,  ^.  ampulla  of  ditto, 
M.  ntriculus,  ru.  recessus  utriculi,  v.  the  connecting  tube 
between  the  ampulla  of  the  anterior  vertical  semicircular 
canal  and  the  utriculus,  de.  ductus  eadoljmphaticus  (receasus 
veatibuli),  (.  sacculuB  hemisphericus,  er.  canalis  reuniens,  lag. 
lagena,  mr.  membrane  of  Reiesner,  pb.  Basilar  membrane. 

buK,  aod  (2)  the  ductus  cochlearis,  which  ia  birds  is  a 
flask-shaped  cavity  ghghtly  hent  on  itself,  the  dilated 
end  of  which  is  called  the  lagena.  The  several  parts  of 
each  of  these  cavities  freely  communicate,  and  the  two 
are  joined  together  hy  a  nanow  canal,  the  canalis  re- 
nniens,  or. 

The  osseous  labyrinth  has  a  corresponding  form, 
and  may  be  Mmilarly  divided  into  parts:  into  a  bony 
vestibule,  wilii  its  bony  semicircular  canals  and  recessus 
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vnereas  the  eye  ia  a  constricted  portion  of  the  general 
Involution  which  gives  rise  to  the  central  nervous 
system. 

The  origin  of  the  auditory  nerve  has  already  been 
™cnbed.  It  is  shewn  in  dose  contact  with  the  walls 
.  of  the  auditory  pit  in  Fig.  53. 

Organ  of  SmeU.  The  organ  of  smell  makes  ita  ap- 
P^^&nce  during  the  third  day,  as  two  depieasions  or 
T^B,  on  the  under  surface  of  the  head,  a  little  in  front 
of  the  eye  (Kg.  56,  A), 

Fta.  S6. 


^■*'*  or  AK   Embbto  Chick  of  the  Thibd  Dat  tiewbd 

UDEWAYS  AS  AM  Ofaqce  Object. 

(Chromic  acid  preparation.) 

■  Csrebral  hcmispheree.  KB.  Vesicle  of  third  veutride. 
*.a    Mid-brain.     Cb.    CerobeUiim.     S.B.    Medulbt    ob- 

j^    fengata. 

Naaji  pit.  ot  otic  vesicle  in  the  stage  of  a  pit  with  the  open- 
•og  not  jet  closed  up.  op.  Optic  veaicle,  with  L  lens  and 
fV-  chomudal  fiamire.  The  superficial  epiblast  moulda 
'ts^  to  the  form  of  the  optic  vesicle  and  the  lens  j  hence 
**»  dwwoidal  fiasore,  though  formed  entirely  underneath  the 

J       ■''Perficial  spiblast,  is  distinctly  visible  from  the  outside. 

■  The  first  visoerel  fold;  above  it  ia  aeen  a  alight  indication  of 
tae  miperioT  mniillary  process. 

^*f.  Seamd,  third  and  fourth  visceral  folds,  with  the  vis- 
**•»!  clefts  iehreen  thvm. 


*.«a 


n 
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Like  the  lens  and  the  labyrintb  of  the  ear,  they  are 
formed  from  the  exteraol  epiblast;  unlike  them  they 
are  never  closed  up. 

The  olfactoiy  nerves  arise  as  outgrowths  of  the  &ont 
end  of  the  cerebral  hemispheres,  before  any  trace  of  a 
special  diviaion  of  the  brain,  forming  an  olfactory  lobe, 
has  become  established.  Their  peripheral  extremities 
unite  with  the  walls  of  the  olfactory  pits  during  the 
third  day.  The  olfactory  lobes  arise  as  outgrowths  of 
the  cerebral  hemispheres  on  the  seventh  day  of  incuba- 
tion. 

Visceral  Archfls  and  Visceral  Clefts.  It  must  be 
borne  in  miud  that,  especially  in  the  early  stages  of 
development,  owing  to  the  very  unequal  growth  of 
different  parts,  the  relative  position  of  the  various 
structures  is  continually  shifting.  This  is  very  well 
seen  in  the  instance  of  the  heart.     At  its  first  appear- 
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mentary  cunl,  the  three  Iki^en  g£  ibi£  Haus&:*i^e3Bt  sc 
mccemiwetj  tnrened,  vithErac  soj  bpsadi  *7£  gGa^Trnnrrf, 
aa^e  sach  as  is  cuBed  b^*  tbe  esrci&is  cf  'iia  ^icoi- 
TeflBelflL  In  this  neck^  s>  eoDfichiz&id  ti&sR  lojear  ul 
the  third  daj  oeztain  fiarazes  or  cLe£a^  idoi^  raKV^  'V 
frrcMoUd/  ei^^  These  »e  f«Ll  dens  or  ^Es  gamrnr 
right  through  the  walk  of  t^be  doirias.  ami  az»  -paejusi  3l 
aeries  <m  either  side  scxgob  the  axa  '^tf  ^mi&  aSmenxarj 
canal,  lying  not  cjoite  aft  isziii:  azuziiai  %  ^iiflit  axis  amf 
pazallel  to  each  other,  hoc  eofLT^^^pse  Km^v^os  ^i  isLA 
middle  of  the  throat  in  fines  Yjz^  S«f »  T^i^-v^i  fr^uL 
the  outside  in  either  fnsA  fx  prsaRfr^  ^mhtyji  ia^ 
are  not  Tery  distinctlj  seezL  y^  hit  ueifsi :  bic;  TruoL  isnKj 
are  seen  firom  within,  aft?  Ba^is^  :i>9l  *iu^  'h:rjA.  icuKa 
characters  as  dongafied  o^  lira  '!asi  -^aolj  v^  r^fAi- 
nised. 

Four  in  nambEr  oa  ffiL^  aii^  'lii^  anvc:  ttLr*>rji',r  ji 
the  first  to  be  formed,  niii^  ;ii*ir  Tiir^  r>t>*nr,mr  «i  auv 
cesmon.  Their  foraaCLfjiL  t;akx»  ^iac*^  fr^m  ▼-.r^.:;i  ',>ir^ 
wards.  The  hypobiaBSC  b  piiab^  'jin^iri::)  iit  i.  wutn 
which  grows  till  it  meena  •i*^  -icil^tatcr^  Tiu*.r.  ji  v.*i:n 
broken  throng^  while  diK  ijzchisuT,  i.rxm  i  /i.v^ii'A 
with  the  epiblast  at  tfc^  "jr^rjoiiK  ;«f  'uii^  tiu-.iir 

No  sooner  has  a  cfeft  if^n  i\mAfi  rn^tti  -r.«  ii-.r^-ry;^ 
border  (i.e.  the  b«d*^  msar^  "^j^  lAsui  ''.f^x.rci^^  f<.  'r./, 
mto  a  thick  Kp  or  fold,  "ii^  -rijitjtr-u  \r  %^vn^M^rJ.  ///^ 
Each  clefk  hasitsowiL  foiii  ;a  r^  4r.r>,rji%r  v,r.V-r  vz-y,  y. 
addition  the  posterior  fccri^r  ;^  •r***  i',>;rv*  -^  ^t-t  -»/>  ^  s 
deft  is  raised  into  a  aznilar  i'j.»l,  7'v*rv  */*  ">'  .^  /*^^* 
visceral  folds  to /6(«r  tLvjst:*!  ^u*t^v«  5'"'^,  ^'^  7*  z^- 
two  folds  howerer,  acii  r5ic#b*.'*ii.'.7  'r.»*  ,5ii#f  v/v  .-.<',»'  v^'*^'  / 
80  thick  and  fromizji!^*  %ft  v.!*  ',»'a»--^  v.ir^-»^  *''<^  u^//*'f 
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being  the  broadest  and  most  conspicuous  of  all.  The 
first  fold  meets,  or  nearly  meets,  its  fellow  in  tbe  middle 
line  in  front,  but  tbe  second  falls  short  of  reaching  the 
middle  line,  and  tbe  third,  fourth  and  Bftb  do  so  in  an 
increasing  degree.  Thus  in  front  views  of  the  neck  a 
triangular  space  with  its  apes  directed  towards  tbe 
head  is  observed  between  the  ends  of  the  several  folds. 

Into  this  space  tbe  pleuroperitoneal  cavity  extendii, 
the  somatopleure  separating  from  the  splanchnopleure 
along  the  ends  of  the  folds ;  and  it  is  here  that  Uie 
aorta  plunges  into  tbe  mesobJast  of  the  body. 

The  visceral  clefts  and  arches  to  a  largo  extent  dis- 
appear in  the  adult,  and  constitute  examples  of  an  inte* 
resting  class  of  embryonic  organs,  whose  presence  is 
only  to  be  expliuned  by  the  fact  that,  in  the  ancestors  of 
lihe  types  in  which  they  are  now  developed  in  the 
embryo,  they  performed  an  important  function  in  the 
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branch,  starting  from  near  the  danal  beguming  of  the 
fold,  runs  ventralwards  and  forwards,  tending  to  meet  the 
corresponding  branch  from  the  fold  on  the  other  side,  at 
a  point  in  the  middle  line  nearer  the  fincnxt  of  the  head 
than  the  junction  of  the  main  folds.  The  two  braiicbies 
do  not  quite  meet,  being  separated  by  a  median  prooeas, 
which  at  the  same  time  grows  down  from  tlie  extnuK; 
frontof  the  head,  and  against  which  thej  abut  Betw^^u 
the  main  folds,  which  are  directed  aomewhat  backwiicdi( 
and  the  branches  which  slant  forwards,  a  ausu^nrW 
lozenge-shaped  space  is  developed  which,  at  the  itikU 
become  more  and  more  prominent,  gnnrc  de>epv  aiKi 
deeper.  In  the  main  folds  are  derekped  liie  Ujuju^ 
dibles,  and  in  the  branches  the  ^wfervjr  m^oKM^ :  iki^ 
lozenge-shaped  cavity  between  tb'iiii  ik  tL*;  <»ritr  vf  tdU. 
mouth,  and  the  descending  prooeei  wJuidb  h/knyt  v^ 
complete  the  upper  margin  of  tbi*  carrtv  it  cfa-j^sC,  fcvtt 
the  parts  which  will  be  formed  cmt  of  it  ttjt  f^fv*^^ 
nasal  process. 

Part  of  the  mesoblast  of  ti*^  tw*:;  au^^^is^iitiif  ^a*  V 
visceral  folds  is  transform€d  iito  ti»%  i-v^jc  v-n«*.  w^'i^i*H 
will  be  best  considered  in  coDz^f^jd'jL  » x^a.  tij<r  '><!^^*r#v^ 
ment  of  the  skulL  The  two  last  ar«;x«e%  ^JuBnyytaif  *^«Vu 
out  giving  rise  to  any  permaz^^rit  atn[**r^«Mj* 

With  the  exception  of  xijk  isr^.  *uuf:  yj^j^-^^.  kh^-^ 
become  obliterated  at  an  ^oiAr  ig^k^n  ^Jt  «9a'r^vtJ4<  W^ 
but  the  first  persisU,  altLcrs^i'.  h  i-^i^^s*  u.  V4**>  -/  /> 
original  branchial  ftincty^^  i^'j'j  W/xi^^s^  ■*". .inif>:..  <//«. 
nected  with  the  organ  '/  i*^5assr;iii'  -y  vf-v;*.  n  ^^^  ^ 
forms  a  most  eflBent:^]  ya\  '..^xr.w*^  v^-*?*"^/,  .i#y. 
the  Eustachian  tube  toA  *.j:x.}As£ia\  *ur\*yx  V*^  w^/* 
opening  and  the  outer  pftj-t  *4W  -^   ♦/^<»  <v^*'   v/// <^ 
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obliterated  at  an  early  date,  but  from  the  inner  part  of 
the  cleft  a  diverticulum  is  given  off  towards  the  ex- 
terior, which  becomes  the  tympanic  cavity.  The  inner 
part  of  the  cleft  itself  forma  the  Eustachian  tube,  while 
its  mouth  forms  the  oral  aperture  of  this  tube. 

The  meatus  auditorius  extemus  first  appears  us  a 
shallow  depression  at  the  region  where  the  clogure  of 
the  first  visceral  cleft  takes  place.  It  is  in  part  formed 
by  the  tissue  surrounding  this  depression  growing  up  in 
the  form  of  a  wall,  but  the  blind  end  of  the  meatus  also 
becomes  actually  pushed  in  towards  the  tympanic 
cavity. 

The  tympanic  membrane  is  derived  from  the  taasue 
which  separates  the  meatus  auditorius  extemus  from 
the  tympanic  cavity.  This  tisaue  is  obviously  consti- 
tuted of  an  hypoblastic  epithelium  on  its  Inner  aspect, 
an  epiblaatic  epithelium  on  its  outer  aspect,  and  a  layer 
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a  fitiUk  "mixik  is  bdd  by  Faiker  to  be  derired 
«f  'At  ■kfitpOTi  cf  the  Tiaoenl  arches,  while 
the  bo^  gkaMfiiig  i2ie  sa^ieB^  i^ipeazs  to  be  ma  iode- 


Tbe  flfid^  <Gf  liie  colnmdla  €Xi£nd5  lo  the  trmpomc 

•;  3ti  outer  end  bEccmiikg  imb&iidad  in  this 

and  mtlug  to  tnassmix  the  xihistiosks  of 

to  like  Aizid  in  ilfec  izitessil  eaz. 

Mifeat.    Bt  tiie  end  of  tfae  bbdcilkI  d&T 

of  acBlac  ardkes  had  le€3i  esahfeiiytd  izi 

with  liie  lk£arL    When  tike  tsdssiJ  fok^ 

&nzk£id,  m  de£iirii£:  vaaatzsiDss:!  beswe^A 

Tims  benraesi  i^ie  fisi  teti  k^jsk 

in  the  fizsi  xigoaaJ  ioild,  S2id  '^  SEtsr.Cid  5:.  i^  ti^j-juL 
In  the  MSK  wsT.  liie  mxxcii  TSKZiil  dtef:  2>^  V^v^^^sl 
the  WEoaod  a&d  third  Jif:riar  ut^Hs.  t^  i^Lfri  hrje^i  ht'm. 
mmiiDg  in  tike  third  TisEfsuL  i'jui.  Ea^n.  w.rzAi  u^jx  noit 
in  the  thdckeEked  skesicuiifii  of  izh:  'j:eT»iEyjEir..iisr  ^ vjC 

these  arches  tzzdse  s  wnnit;  tsio^  v^  i-jnt  it  v'^juni/vt 
tnmk,  tike  doniJ  ikra  T5ic  TT  -i  >' .  ▼*UiVi  n;i«  i-i-ry 
the  beck  inuiKC^iassJT  xurkr  -iiic  ii-ii^-jni-jr:.  Tti*  *«^?<^'. 
rf  this  connaan  triig'tr  tn^jc:  ^  iiv:  j^^^t^  ^  ;*  jv^r.^it. 
divides  into  tw:*  Trarr  irvii'.JiHft  *a*'it  y'  v'ti*<it  i«'>i* 
giring  off  liie  jfcr^r  fi:r:/i*>  vr^r^  C/-«i  vv»f«v>j»  '> 
ooone  with  lEacziai**?!  %^-*r*  v,  su*  itoi.  v'l-tT^.i  -  ., 
fiuJfy  lost  in  liir  occll^&ri^  vcf  *  i;«r  y^. 

The  heart  if  ii:*w  'xmni^o;:  •   v.<viv^/.   vv  'r'    "/*/:'♦ 
Its  mode  crf^  eamcair*'  j*  i;:fvt'"*^'^''-  »r,rii/*':^<»'>?f  v^-*-*/: 

ie  iron  'Zi^  ymr   /  iv''**''/*,^  '/  v*'    /-/: 
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the  embnro}  lint  put  which  hjs  wireadj  been  mark-eii 
off  by  the  hlenl  bolsings  as  the  aoHiTiLir  pcrpd-rcL  «jl 
That  part  of  the  heart  vhkh  is  tairiKti  yy  iLe  ngbL 
indading  the  point  of  doablmg  vp,  is  ^ke  Tezi^rrdikr 
portion,  and  is  eTen  at  this  soe^  SEfpara^cii  irxssL  msr 
anricolar  portion  br  a  dighc  fbenrk.  lliSf  iruirzju  o:ct- 
striction  oorrespoods  &:>  an  ir^i^az^  z^jmTfizzz  ^^  itx 
lumen  of  the  heart,  azid  marks  iLe  p.gra?c  ^^  iL?  fr:r:re 
cano/u  a«rftCtffaruL 

The  Tentricolar  pordjQ  is.  oa  ib?  ':t:brr  ?A'ii  like- 
wise separated  by  a  €i:i^rT  •cccj:^^?:^-:^  frx::  liit?  li^*.*^ 
rior  oontinnation  of  the  L-ean  "^iii  f  :?ii;5  i.-^  tiiT-nit 
arteriosos.  The  projectis;;  pan  wtke*  -iic  "Lsi'J^zjz 
takes  place  is  at  thi«  sage  islI  ririitr  rsizsi  v^  iLil 
see  that  later  on  it  beoj^KS  tii:c=.*rii  ii^iii  ^'.cii:!  'i^A^  tV»!Z 
of  the  heart 

The  whole  -^kltj'is  ir.ri.c.  :<r  il^  It^an   -  "w^  ziav  k, 

speak  of  it,  thcugh  'A  vjzr^  tz  ''llLs  ^a^  \l'xji  \i  "ula 

same  quality  passes  rizt:  ai-.t^'  "lLc  ttLi-j^  ^a^-^u*,  viu;ii. 

lies  in  a  plane  whfcb  is  ::-:rr  :  :r%Z  iLiii  -Jj^  i7vr:i,  y^- 

tion.    The  point  at  wLi-i  'L^  t^tj  .»•..*  rxr*  y  ^o*  •u**n 

i.e.  the  two  vitellirre  iTTr.k*  \:lL''^,  jl*  .  t  ti/ui::!^  v^-ji,   a< 

on  this  day  carri^  farixcr  i-iii  ::u''uii^  i  v  i  r  5/  ,»-.•,  vu*; 

heart  itself    By  tLe  *tzi  :?  liiT  fd.7  Vu^r-^  .f  t  vratt/iW' 

able  distance  betw^i- ^iic  i;m:--:^u-  >.»^aiX  -/  v.**-,  vr^^ 

heart  and  the  pob.*  wi^r*  -iu^  i^^-jj.it  rj-j-ji  !>»-;/♦/ ♦^a 

eadi  to  pursue  its  xnr!e  ta-.t^?  :o>  «?;iiiivr/.vr>  r.  •  v-lv^, 

of  its  own  silt     THs  -iisuiv^  ^>  vx' *?*«?:   v;  i,  h  v/**. 

venous  trant  of  wiii  v^  >jr:...':   'j*,ni;^  v,  v...,  i.,*^;-*;. 

IS  called  the  ^n^a  Wf,'uru    v.jit  -/.i-.   Ui.***    c  u<'>i'/,f*    '/v.* 


**«ed  by  the  ^iigfer  ->jierT^!n  v.i*  ha^^^p^  t^/^'-M 
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Small  arteries  to  various  parts  of  the  body  are  now 
being  given  off  by  the  aorta  and  ita  branches.  The 
capillaries  in  which  these  end  are  gathered  into  veins 
which  unite  to  fonn  two  mala  trunks  oq  either  aide,  the 
cardinal  veins,  anterior  and  posterior  (Fig.  36,  Fig.  58 


Ijkl. 


DUODAK  OP    TEE    VESOnS  ClKCtOiTlOS    OS    THE 

Third  Dat. 
U.  Heart.     J.  Jugular  or  anterior  cardinal  vein.     C.  Inferior 
or  poeterior  cardinal  vein.     Of,  ViUllme  vein.    de.  Duotus 
Cuvieri. 


1] 


7BX  XiHrfOID. 


weD  as  the  'uiad-iJti  v.r.rjr.-j-.r.:  3  jn^i  -■■   ., 
The  fonnaaniQ  it  v^;  -,*.--i.':  -   ■■^,'  «■»•■ 
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60th  hour  as  a  ooii|de  of  diverticala  one  from  either 
side  of  the  duodenum  immediatelv  behind  the  stomadi 
(Hg.  60,  f).  These  diT^ticnla  are  of  ooorae  lined  bf 
hypoblast  The  right  one  is»  in  all  cases,  from  the  first 
longer,  bat  of  smaller  diameter  than  the  left.  SitoatEid 
a  little  behind  the  heart,  ther  embrsoe  betveien  them 
the  two  vitelline  vdns  forming  the  nxyts  of  the  n^eatni 
Tenosus. 

The  diTerticnla  soon  gire  rise  to  nmnercras  LcJItv 
branches  Cfr  processes,  which  extend  into  the  sajrciuiid- 
ingmesoblast 

Towards  the  end  of  the  third  dar  thsre  mar  hrihvt 
be  observed  in  the  grealhr  tkaxksa^  m^sfAi^ii^  iz«T«i^ 
ment  of  either  diTerticolnm  a  nizmber  of  crHz^-bv^iu 
solid  cords  of  hypoblast  wLicii  are  a5:5Ar»^VT  ^^ttV 
growths  from  the  hypoblast  of  tiie  hmzySit^  'A  'tloe  *:>- 
verticala.  These  cylinders  r^iJii'T  iii'jrtjjtfie  r:,  r.:i-v-/>sr, 
apparently  by  a  proo&ss  of  iprnm^Tjtg  icj-:  *^;''  vjr/.**:^ 
what  swollen  peripheral  eUTKLrd^  yjc**:  :-iV/  'xr.-'Arf^ 
and  nnita  And  thus.  a3>:<st  \Lrz  zjizi^rz^j:.  wrz:  i  v/rt 
of  network  of  solid  thSdL  srii^f  /  'i,^^?>jiaT^\  v^vUt  .t 
formed,  the  mesoUast  m  tie  ".it^ALrA  A  v,^  ,v^ir  .Kr 
becoming  at  the  san^e  liii*^  ^'?^-7  vv".  ^*r*/<  /,%v^ 
blood-veaaels.  Each  drr^ricTiJv^  'j^:rx:j^  ,r-  -vj*  »*/ 
surrounded  bv  a  thick  n^i^s  'jvci  »»»^  vt.**-  »  v?  «^/  ^ 
cylinders,  and  to  a  ks  *iiVic:t  'Jif  i.','.>,nr  ^  /^^^f^px  '/r^ 
tinuous  with  the  CTrL»i:Si  "jc  •u-.-  v,**;  ;a-.o',  ^v,  v^. 
main  diverticuhmi  cc  'Jik  'xbr^  *.'.  rvr.  v/^-^/*''*  r  '*^ 
commencing  blc^>i-T.sg&rji  tzi.  ■..^iv'^.'/i'*/i  "*  t//'^j^j^»^ 
tissue.  Between  tte  rr.  ra-j^syi  rw  v^  ^a***  *v///,r 
roots  of  the  iz«ea<«i3  i^sr>cu*  v,-/  r'.vj'  v>«  v-v/C 
vessels  in  each  usms  i^^  'xc.v^r^. 
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each  solid  cylinder  to  represent  a  duct  with  its  Imnen 
almost^  but  perhaps  not  quite,  completely  obliterated. 

During  the  fifth  day,  a  special  sac  or  pooch  u  dere- 
loped  from  the  right  primary  diverticulum.  This  pouch, 
consisting  of  an  iimer  coat  of  hypoblast,  and  an  outer  of 
mesoblast,  is  the  rudiment  of  the  gall-bladder. 

The  Fftncreas  arises  nearly  at  the  same  time  as  the 
liyer  in  the  form  of  an  almost  solid  outgrowth  from  ihh 
dorsal  side  of  the  intestine  nearly  opposite  Imt  sligbtij 
behind  the  hepatic  outgrowths  (Fig.  60,  p).  Its  Uiad 
end  becomes  somewhat  enlarged  aiKl  from  it  nuxo^oos 
diyeiticula  grow  out  into  the  passive  sfJanchnic  w^^si^m 
blast 

As  the  ductules  grow  longer  and  becc/m<«;  brk&d:i^, 
vascular  processes  grow  in  between  them,  luA  ti^  w  W«5 
forms  a  compact  glandular  body  in  the  inf^^f^u^^cfj  '/?. 
the  dorsal  side  of  the  alimentaiy  tract.  Th^  prMAt^^: 
outgrowth  elongates  and  assumes  the  c}ujv;U?f  vf  ii  C  >x 

On  the  sixth  day  a  new  similar  fj^x^jyj*/^*Ju  irm* 
the  duodenum  takes  place  between  the  \.:.::juj  Cv^*^ 
ticulum  and  the  stomack  Thij!,  -m'uj^  ■^/JU.'ju*;»>;;/ 
coalesces  with  its  predecessor,  jrivea  rls&e  V/  tjue  V'//mJ'^ 
duct,  and  forms  a  considerable  f*irt  of  ti>:  ^.%:K  ^4^ 
creas.     A  third  duct  is  formed  at  a  i,wa  'jtf/^t  -/^.t^'A 

The  Thyroid  body.    The  iLjrJvk  v>:  /  larrt^  ^k  *^^  wJi  ->f 

the  aecond  or  beginning  of  the  ttiri  d»r  U  ^  r^.f/^^wu.  h'^ 

the  hjpoblasfc  <rf  the  ventral  wall  'A  ^^  v./'>siv  v>v>r« r»^    ^^ 

^^t  of  origin  of  the  anterior  ^jnj,  ^x..     >,  ;;a»  «^.  *...   ^^-. 

.^™  -    *  ^i^re  extending  frrwaH*  ,>  V,  v>,  f /*^//*.  ;/^//^.   .^^, 

in  ixB  front  no»*  ^^     j.  ^    ^      '^ 

been  made  ^  t^**"*^  v«t«.r  v.  v^  -r;    ,^      ;..  ,.^  ..> 

tlia    Txnnji        ^^"^ther  the  wi/y^;  jt"/-,-*?  '^/rf>»  v^.  /♦?*<//,  ,*/>/, 

lolid  ^^^^'^    ^hjroid.     Bj  -iit    5v./v.    ^^t/  A    w//m^-.    . 

or  ^=«il^  and  bj  tbe  ifv.  v«^»<m  V.  'a  v/^w-t/^^z, 
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vith  the  epithelium  of  Uie  throat,  becoming  at  tha  aame  titu 
hilobed.  By  the  aeventh  daj  it  has  travelled  BomewiiBt  bade- 
wards,  oud  the  tn'o  lobes  have  completely  separated  from  each 
other.  By  the  ninth  day  the  whole  ia  invented  by  a  uapsole  of 
connective  tissue,  which  sends  in  septa  dividing  it  into  a  Dumber 
of  lobes  or  solid  masses  of  cells,  and  by  the  eiitwDth  day  its  two 
loboa  are  composed  of  a  number  of  follicles,  each  with  a  '  meit]- 
brona  propria,'  and  separated  from  each  other  by  septa  of  con- 
nective ttosue,  much  as  in  the  adult'. 

Ths  Bpleen.  Although  the  spleen  cannot  be  reckotied 
amongst  the  glands  of  the  aiimeatory  tract  its  derelopment  msy 
conveniently  ba  dealt  with  here.  It  ie  formed  shortly  after  Uw 
first  appearance  of  the  pacureas,  as  a  thickening  of  the  me- 
seiitety  of  the  stomach  (mesogaHtrium)  and  is  therefore  entirely 
a  mesoblaatio  structure.  The  mass  of  meaoblaat  which  fomtt 
the  splaen  becomes  early  separated  by  a  groove  on  the  one  Nile 
frum  the  pancreas  and  on  the  other  from  the  mesentery.  Some 
of  iia  cells  become  elongated,  and  send  out  processes  whiob, 
uniting  with  like  processes  from  other  cells,  form  the  trabooulu 
system.     From  the  remainder  of  the  tissue  are  derived  the  cells 
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It  will  be  remembered  that  the  horizontal  splitting 

of  the  mesoblast  into  somatic  and   spjanchnic   layers 

extends  at  first  ti]  the  dorsal  summit  of  the  vertebral 

plates,  but  after  the  formatjon  of  the  somites  tlie  split 

Fio.  64, 
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it  appears  in  part  to  persist.  The  Bomh-e§  ol  'ih-  -^  .iii 
day,  as  seen  in  a  transveise  seciicTL  Tiz  £rx  J-  -  ^'- 
somewhat  quadrilateral  in  fariL.  du:  utuh-j^  '-^m,  '.:.•■' 
are  deep. 

Each  at  that  time  consuos   u:   l    r-iju-rr:^'    -.:_  . 
cortex  of  radiating   rather   gnmuii^    '--•rjr.L  j 
enclosing  a  small  kernel  of  spheri'ja*!  '.-.-11:.     Ti?-  ■  i.-- 
not,  as  may  be  seen  in  the  arjov-   ic-u^*,    '.-.ii  :...:-r-.  ■ 
separated  from  the  Tentral   \n  raiL-j:  a'.   ':.. 
lateral)  parts  of  the  mesoblafti'.  jiilv   iiui  -z.- 
and  outer  layer  of  the  cortex  vi  iLt:  s'liiii-rr  i=  ,  ■:;• 
with  the  somatic  larer  of  mefe.»"M:a-r.  -Li-   T*:-:-i..: 
the  cortex,  with  the  oentn*]  ken**.-.    >::,;■   '.  :.-. 
with  the  splanchnic  layer.     T-.-^'u:^-   -;.- 
second  and  beginning  of  the  tLL*.   .-.•   -.:.-    -. 
outer  layer  of  the  cortex,  vj^r-tL-:  zc  -j..-  -  v 
of  the  central  cells  of  the  LrTLi.    •- 
oflF  as  a  special   plate.      Fi:«il    -.l--     :.--.-.- 
shewn  in  the  act  of  beiic  i.'r^-- '.   .■    -'  :    '- 
greater  part  of  the  voluLtijy  ::,.-•.;.• 
trunk  is  developed.     WLei    .ri  -    :  r-  -:'. 
plates  have  in  surface  virrv  t  i,  u  .::,.•.■  •:,- 

and  consist  of  two  iav-r£  a^  i:  •  ■  •  :  •     :,• 

» 

enclose   between  them   ai.   l.*.   ■  *  -•',>. 

cavity  (Fig.  65,  //</)^..     No   bM-rj--:   .•    -i    •• 
formed  than  the  middle  yjrJ,  ■•.     r  •  ■  -.    •  •  ■  • 
comes  converted  iux/j  loiiiritua.-'---. 
space  in  the  njuscle-plate^  i 
t;erte6raZ  portion  o/"  the   O-yJ-j  *y;v'.- 
wholly  or  partially  dis'appeart  ::.  *  pr- • .   >>  >;'>.;;v   • 
appears  again  ol  the  forma-.l-'L  -:  ii.-:  ;L;vv:.v-;y.vv^. 
It   is  especiallv  iiiteresi::^;;  vo   tj'jV^  •.r-iur,  ^he  fifi-t 
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daj  (Fig.  64).  The  chief  differences  between  them  arise  from 
the  great  increase  in  the  space  (now  filled  with  mesoblast-ceUs) 
between  the  notochord  and  the  hypoblast.  In  addition  to  this 
we  have  in  the  later  section  the  completely  formed  amnion,  the 
separation  of  the  muscle-plate  from  the  mesoblastic  somites,  the 
formation  of  the  Wolffian  body,  etc. 

The  mesoblast  including  the  Wolffian  body  and  the  muscle- 
plate  (m,p.)  is  represented  in  a  purely  diagnunmatio  manner. 
The  amnion,  of  which  only  the  inner  limb  or  true  amnion  is 
represented  in  the  figure,  is  seen  to  be  composed  of  epiblast  and  a 
layer  of  mesoblast ;  though  in  contact  with  the  body  above  the 
top  of  the  medullary  canal,  it  does  not  in  any  way  coalesce  with 
it,  aa  might  be  concluded  from  the  figure. 

formed  muscles  in  embiyo  birds  have  an  arrangement 
like  that  which  is  permanent  in  fishes;  being  longi- 
tadinsd  in  direction,  and  divided  into  segments. 

The  remainder  of  the  somites,  after  the  formation  of 
the  muscle-plates,  is  of  very  considerable  bulk ;  the  cells 
of  the  cortex  belonging  to  them  lose  their  distinctive 
characters,  and  their  major  part  becomes  converted,  in  a 
manner  which  will  be  more  particularly  described  in  a 
future  chapter,  into  the  bodies  of  the  permanent  ver- 
tebra. 

We  may  merely  add  here  that  each  of  these  bodies 
sends  a  process  inwards  ventral  to  the  medullary  cord, 
and  that  the  processes  from  each  pair  of  these  bodies 
envelope  between  them  the  notochord. 

The  intermediate  cell-mass  and  the  Wolffian  body. 

In  a  transverse  section  of  a  45  hours*  embryo  a  consider- 
able mass  of  cells  may  be  seen  collected  between  the  meso- 
blastic somites  and  the  point  where  the  divergence  into 
somatopleure  and  splanchnopleure  begins  (Fig.  34,  just 
below  W.d).     This  mass  of  cells,  which  we  have  already 
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The  tabules  of  the  Wolffian  body  are  developed 
independeDtly  of  the  Wolffian  duct,  and  are  derived 
bom  the  intennediate  cell-mass,  shewn  in  Fig.  34, 
between  the  upper  end  of  the  body-cavity  and  the  meso- 
hlastic  somite.  In  the  chick  the  mode  of  development 
of  this  mass  into  the  segmental  tubules  is  di£ferent  in 
the  regions  in  front  of  and  behind  about  the  sixteenth 
s^mentb  In  front  of  about  the  sixteenth  segment 
fecial  parts  of  the  intermediate  cell-mass  remain 
attached  to  the  peritoneal  epithelium,  on  this  layer 
becoming  differentiated ;  there  being  several  such  parts 
to  each  segment  The  parts  of  the  intermediate  cell- 
maas  attached  to  the  peritoneal  epithelium  become 
converted  into  S-shaped  cords  (Fig.  64  st)  which  soon 
unite  with  the  Wolffian  duct  (wd),  and  constitute  the 
primitive  Wolffian  tubules.  Into  the  commencement 
of  each  of  these  cords  the  lumen  of  the  body-cavity  is 
for  a  short  distance  prolonged,  so  that  this  part  con- 
stitutes a  rudimentary  peritoneal  funnel  leading  from 
the  body-cavity  into  the  lumen  of  the  Wolffian  tubule. 

In  the  foremost  Wolffian  tubules,  which  never  reach 
a  very  complete  development,  the  peritoneal  funnels 
widen  considerably.  The  section  of  the  tube  adjoining 
the  wide  peritoneal  ftmnel  becomes  partially  invaginated 
by  the  formation  of  a  vascular  ingrowth  known  as  a 
glomerulus,  and  this  glomerulus  soon  grows  to  such  an 
extent  as  to  project  through  the  peritoneal  funnel,  the 
neck  of  which  it  completely  fills,  into  the  body-cavity 
(Fig.  66,  gl).  There  is  thus  formed  a  series  of  glomeruli 
belonging  to  the  anterior  Wolffian  tubuli  projecting 
freely  into  the  body-cavity.  These  glomeruli  witb 
their  tubuli  become  however  early  aborted. 


THE  THIHD  DAY. 
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Section  thbodoh  thb  EsTKBSiL  Glojuebulub  ob   one   o? 
THE  Amtebjob  Seqhbstal  Tdbes  or  am  Eubbyo  Chigk 

OF   ABODT    100HODB3. 

gl.  glomeraluB ;  ge.  pehtooeal  epithelium  ;   Wd.  Wolffian  duct ; 
Ths  Wolffian  tubule,  and  the  oonuection  between  the  e: 
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dififerentiated  out  of  the  mesoblast  of  the  intermediate 
cell-mass  and  open  independently  into  the  Wolffian 
duct 

A  tubule  of  the  Wolffian  body  typically  consists  of  the  follow- 
ing parts,  (1)  a  section  carrying  the  peritoneal  opening,  and 
known  as  the  peritoneal  funnel,  (2)  a  dilated  vesicle  into  which 
this  opens,  (3)  a  coiled  tubulus  proceeding  from  (2),  and  termi- 
nating in  (4)  a  wider  portion  opening  into  the  Wolfi&an  duct. 

In  the  chick,  the  peritoneal  funnel  is  only  found  in  the  most 
anterior  tubules  and  soon  atrophies;  it  is  not  developed  in  the 
tubules  of  the  posterior  part  of  the  Wolffian  body.  Region  No. 
4  also  is  not  clearly  marked  off  from  region  No.  3.  One  part  of 
the  wall  of  the  dilated  vesicle  (2)  is  invaginated  by  a  bunch  of 
capillaries  and  gives  rise  to  the  Malpighian  body. 

In  consequence  of  the  continual  folding  in  of  the 
somatopleure  and  especially  of  the  splanchnopleure,  as 
well  as  owing  to  the  changes  taking  place  in  the  meso- 
blastic  somites,  the  Wolffian  duct  undergoes  on  the 
third  day  a  remarkable  change  of  position.  Instead  of 
lying,  as  on  the  second  day,  immediately  under  the 
epiblast  (Fig.  34,  W,d),  it  is  soon  found  to  have  appa- 
rently descended  into  the  middle  of  the  intermediate 
cell-mass  (Fig.  64,  wd)  and  at  the  end  of  the  third  day 
occupies  a  still  lower  position  and  even  projects  some- 
what towards  the  pleuroperitoneal  cavity.  (Fig.  65, 
W.d.) 

The  chief  events  then  which  take  place  on  the  third 
day  are  as  follows : 

1.  The  turning  over  of  the  embryo  so  that  it  now 
lies  on  its  left  side. 

2.  The  cranial  flexure  round  the  anterior  extremity 
of  the  notochord. 

F.AB.  13 
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'■>.     The  completion  ot'  the  circulauoo  of  the  yolk-  » 
;ae   iai;p:a;=t<i   curvicure   of  the  heait,  and   the 
=:  ir;ad.jn.  ot  is  stv-ral  pmu ;  the  appeanmce  of  new 
r.::  3iva<c9.  aad  ot  th-?  oariinal  Teina. 

■t.     Th-i  il:nnad-:ti  ot'  i.>i;r  Tisceral  clefts  and  five 

^.  The  LQvol'Liti'ja  to  t'^nn  the  lens,  and  the  fonna- 
-  : :'  the  secondarr  optic  vesicle. 

r'.     The  clofiiiiff  in  of  the  otic  v^^sicle. 

7-     The  formatioa  of  the  aasal  pita. 

>.  The  appearaace  of  the  vesicles  of  the  cerebial 
mispheres ;  the  separadoiL  of  the  hind-brain  into  cete- 
ll-ni  and  medulla  oblongata. 

L'.  The  deiinite  establishment  of  the  cranial  and 
:;ial   nerves  as  outgrowths   of  the  central   nervous 


The  completion  of  the  fore-gnt  and   of  the 


CHAPTER  Vn. 

THE     CHANGES    WHICH     TAKE      PLACE      DURING      THE 

FOURTH    DAY. 

On  opening  an  egg  in  the  middle  or  towards  the  end 
of  the  fourth  day,  a  number  of  points  in  which  progress 
has  been  made  since  the  third  day  are  at  once  apparent. 
In  the  first  place,  the  general  growth  of  the  embryo  has 
been  very  rapid,  so  that  its  size  is  very  much  greater 
than  on  the  previous  day.  In  the  second  place,  the 
white  of  the  egg  has  still  further  diminished,  the  em- 
bryo lying  almost  in  immediate  contact  with  the  shell 
membrane. 

The  germinal  membrane  embraces  more  than  half 
the  yolk,  and  the  vascular  area  is  about  as  large  as  a 
hal^nny. 

Corresponding  to  the  increased  size  of  the  embryo, 
there  is  a  great  increase  in  the  quantity  of  blood  circu- 
lating in  the  vascular  area  as  a  whole,  though  the  sinus 
terminalis  is  abready  less  distinct  than  it  was. 

The  anmion  becomes  increasingly  conspicuous.  It 
is  now  seen  as  a  distinct  covering  obscuring  to  a  certain 
extent  the  view  of  the  body  of  the  chick  beneath,  and 

13—2 
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all  traces  of  the  junction  of  its  folds  are  by  this  time 
lost.  As  yet  there  is  very  little  fluid  in  the  amniotic 
sac  proper,  30  that  the  true  amnion  lies  close  upon  the 
embryo. 

The  folding  off  of  the  embryo  from  the  yolk  sac  bu 
made  great  progress.  The  splanchnic  stalk,  which  on 
thu  third  day  was  stiil  tolerably  wide,  inasmuch  as  aboat 
one  third  of  the  total  length  of  the  aUmentary  canal 
was  aa  yet  quite  open  to  the  yolk  sac  below,  now  be- 
comes 80  much  constricted  by  the  progresaive  cloBing  in 
of  the  splanchnopteure  folds,  that  the  alimentary  cuwl 
may  be  said  to  be  connected  with  the  yolk  sac  by  a  "roiy 
narrow  neck  only.  This  remnant  of  the  splaochnio 
stalk  we  may  now  call  the  vitelline  duct;  though  narroWi 
it  is  aa  yet  quite  open,  affording  still  free  communicft- 
tion  between  the  inside  of  the  yolk  sac  and  the  interior 
of  the  alimentary  canal. 

The  somatic  stalk,  though  narrowing  somewhat,  i> 
much  wider  than  the  splanchnic  stalk,  so  that  a  coa-    ' 
siderable  ring-shaped  space  exists  between  the  two.  I 

Another  very  prominent  feature  b  the  increase  in 
the  cranial  flexure.     During  the  third  day,  the  axis. of _l 


m] 


THK  TAIL  FOLD. 
Fio.  67. 


Embryo  at  the  Esd  of  the  Fourth  Day  bbbn  as 
A  transparent  object. 

The  ftmnion  has  beeu  completely  removed,  the  cut  end  of  the 
•aiDAtic  stalk  is  shewn  at  S.S.  with  the  allantois  (Al.)  protruding 


C.ff.  cerebral  hemisphere.  F.B.  fore-brain  or  veaicle  of  the  third 
Tentricte  (tbslamencephalnn)  with  the  pineal  gland  {Pn.) 
{nvjectdngfirom  its  eununit,  if.B.  mid-hrain.  Cb.  cerebellum. 
IV.V.  fourth  ventricle.  L.  lens.  (A.i.  choroid  slit.  Owingto 
the  growth  of  the  optic  cup  the  two  layers  of  which  it  is  com- 
posed cannot  any  longer  be  seen  from  the  surface ;  the  pos- 
terior surface  of  the  choroid  layer  alono  is  risible.  Cen.  V. 
auditory  vesicle.  «.ni,  superior  maiillary  process.  \F,iF,e\.c. 
first,  second,  thiiil  and  fourth  visceral  folds.  V.  fifth  nerve 
Mndiog  one  branch  to  the  eye,  the  ophthalmic  branch,  and 
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another  to  the  first  vieceml  arch.  VII.  Mventh  nerro  ];mHrriiig 
to  the  second  viscercil  arch.  O.Ph.  gloaaoph&rfngeal  nerve 
passing  towards  the  third  visceral  arch.  Pg.  pneumogasfaric 
nerve  passing  towards  the  fourth  risceral  arch,  it,  inveeting 
mass  (basilar  plate).  No  attempt  has  ^n  made  in  the  figon 
to  indicate  the  poaition  of  the  dorsal  wall  of  the  throat,  which 
cannot  be  easilj  made  out  in  the  living  embryo.  (A.  noto- 
chord.  The  front  end  of  ibis  cannot  be  seen  in  the  living 
embryo.  It  does  not  end  however  as  shewn  in  the  figure, 
but  takes  a  sudden  bend  downwards  and  then  terminata  in 
a,  point,  //i!.  heart  Been  through  the  walla  of  the  oheet.  M.P. 
muscle-plates.  W.  wing.  H.L.  hind  limb.  Beneath  the 
liind  limb  is  seen  the  curved  tail. 


curvature  of  the  body  has  also  gone  on  increasing,  and 
as  the  result  of  these  various  flexures,  the  emtryo  has 
become  somewhat  spirally  curled  up  on  itaelf  (Fig.  67). 
The  distinct  appearance  of  the  limbs  most  be 
reckoned  as  one  of  the  most  important  events  of  the 


THE  LDfBS. 


e.  neural  canaL  p.r.  posterior  root  of  spinal  nerve  with  gau- 
glion.  o-r.  anterior  root  of  spinal  nerve.  A.Q.C.  anterior 
gtey  column  of  spinal  cord.  A.  W.C.  ant«rior  white  column 
of  spinal  cord  just  commencing  to  be  formed,  and  not  \etj 
distinctly  marked  in  the  figure.  m.p.  muscle-plate.  cK. 
notochord.  IT. fl.  Wolffian  ridge.  J.O.  doraal  aorta.  Kco. 
posterior  cardinal  vela  W.d.  Wolffian  duct  W.b.  Wolffian 
bodj,  consistiDg  of  tubules  and  Ualpighion  corpuscles.  One 
of  the  latter  is  represented  on  each  side,     qa  gennioal 
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epithelium,  d.  altmentarj  canal.  if.  commanciiig  me- 
sentery. S.O.  somatopleure,  S-P.  Bplanchnopleure.  I'. 
Uood-vessek.    pp.  pleuroperitoneal  cavitj. 

yelopments  of  the  ridgu,  the  rest  of  which  becomes  less 
and  less  prominent  as  they  increase  in  size.  Each  bud, 
rou^'hly  triangular  in  section,  consists  of  somewhat 
dense  raesoblast  covered  by  epiblost  which  on  the  sum- 
mit is  thickened  into  a  sort  of  cap.  The  front  limbs  or 
wings  (Fig.  67)  arise  just  behind  the  level  of  the  heart, 
and  the  hind  limbs  in  the  immediate  vicinity  of  the 
tail.  The  first  traces  of  them  can  be  seeo  towards  the 
end  of  the  third,  but  they  do  not  become  conspicuous 
till  the  fourth  day,  hy  the  end  of  which  the  two  pairs 
may  be  already  distinguished  by  their  different  shapes. 
Thu  front  limbs  are  the  narrowest  and  longest,  the  hind 
limbs  being  comparatively  short  and  broad.  Both  are 
tiattencd  from  above  downwards  and  become  more  so  as 
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TIXWKD    FKOII    BBLOW    AS   AH    OPAQUE    OBJECT.       (Chromic 

add  preparation.) 
C.ff.    cerebral  hemiapheres.     F.B.  vesicle  of  the  third  ventricle 

or  thalameuoephtiloD.    Op.  ejeball.    nf.  DaBO-ftontal  process. 

Ji,  cavitj  of  mouth.    S.M.  Buperior  maiillar;  process  of  I'.  1, 

the  fiist  visceral  fold  (mandibular  arch).     F.%F.Z  eecond 

and  third  visceral  arches.  N.  nasal  pit 
In  order  to  gain  the  view  here  given  the  neck  was  cut  across 
between  the  third  and  fourth  visceral  folds.  In  the  section  e 
Urns  nuule  are  seen  the  alimentarj  canal  al,  the  neural  canal  n.c, 
the  notochord  di.,  the  dorsal  aorta  AO.,  and  the  jugular  veins  F. 
Ao.  bulbuB  arterioBua. 

In  the  drawing  the  nasal  groove  has  been  rather  exaggerated 
ia  its  upper  part.  On  the  other  hand  the  lower  and  ahallawer 
part  of  the  groove  where  it  runs  between  the  superior  maxillarj 
tm)cesB  S.M.  and  the  broad  naao-fiontAl  process  has  not  been 
Batislactorilj  rendered.  Henoe  the  end  of  the  superior  nia.\illary 
ptKeea  seems  to  join  the  inner  and  not,  as  described  in  the  text, 
the  onter  margin  of  the  nasal  groove.  A  few  hours  later  the 
H^iaratioii  of  the  two  would  have  been  very  visible. 

B.  The  same  seen  sideways,  to  shew  the  visceral  foldn.    ot.  otio 
vedole.    Remaining  letters  aa  before. 
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of  the  primitive  akulL  All  these  eventB,  added  to  the 
craaial  0exure  spoken  of  above,  give  to  the  antexicT 
extremity  of  the  embryo  a  shape  which  it  becomes  mcwe 
and  more  easy  to  recognize  as  that  of  a  head. 

Meanwhile  the  face  is  also  being  changed.  The  two 
nasal  pits  were  on  the  third  day  shallow  depressions  com- 
plete all  round.  As  the  pits  deepen  on  the  fourth  day 
by  the  growth  upwards  of  a  rim  round  them,  a  deficiency 
or  break  in  the  ridge  may  be  observed  on  that  aide  of  it 
turned  towards  the  mouth;  which  constitutes  a  kind  of 
shallowgroove  (Fig.  69  ^directed  obliquely  downwards 
towards  the  cavity  of  the  mouth.  The  fronto-nasal 
process  or  median  ridge  (Fig.  69,  nf),  which  on  the  third 
day  rose  up  between  the  superficial  projections  caused  by 
the  bulging  anterior  extremities  of  the  vesicles  of  the 
ULTobral  hemispheres,  and  on  the  fourth  day  becomes 
icicrcasingly  prominent,  separates  the  two  grooves  from 
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of  the  stomodseum  or  primitive  buccal  cavity,  in  the  now 
thin  wall  dividing  it  from  the  alimentary  canal,  a  longi- 
tudinal, or  according  to  Gotte  a  vertical  slit  which,  soon 
becoming  a  wide  opening,  places  the  two  cavities  in 
complete  communication. 

The  cavity  of  the  mouth,  being,  it  will  be  remember- 
ed, formed  partly  by  depression,  partly  by  the  growth 
of  the  surrounding  folds,  is  lined  entirely  with  epiblast, 
from  which  the  epithelium  of  its  surface  and  of  its 
various  glands  is  derived.  In  this  respect,  as  Bemak 
pointed  out,  it  differs  from  all  the  rest  of  the  alimentary 
canal,  whose  whole  epithelium  is  formed  out  of  hypoblast. 

By  the  side  of  the  hind-brain  the  cerebellum,  through 
the  increased  thickening  of  its  upper  walls,  is  becoming 
more  and  more  distinct  from  the  medulla  oblongata; 
while  both  in  front  and  behind  the  auditory  vesicle, 
in  which  the  rudiments  of  the  cochlea  and  recessus  ves- 
tibuli  are  already  visible,  the  cranial  ganglia  and  nerves 
axe  acquiring  increased  distinctness  and  size.  They  may 
be  very  plainly  seen  when  the  head  of  the  fresh  embryo 
is  subjected  to  pressure. 

The  foremost  is  the  fifth  cranial  nerve  (Fig.  67,  F.) 
with  its  Gasserian  ganglion;  it  lies  a  little  way  behind 
the  anterior  extremity  of  the  notochord  immediately 
below  the  cerebellum.  Next  to  this  comes  the  seventh 
nerve  (Fig.  67,  F//.),  starting  just  in  front  of  the  ear- 
vesicle,  and  extending  far  downwards  towards  the  second 
visceral  arch.  The  two  nerves  which  lie  behind  the  ear- 
vesicle  are  now  obviously  separate  from  each  other;  the 
front  one  is  the  glossopharyngeal  (Fig.  67,  G.Ph,),  and 
the  hinder  one  already  shews  itself  to  be  the  pneumo- 
gastQC  (Fig.  67,  Pg.). 
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Tho  mesoblaetic  somites,  whicli  by  the  coQtinaed 
difforentiation  of  tiii;  axial  mesoblaat  at  the  tail  eiii]  fil' 
the  embryo  have  incroased  in  number  from  thirty  to 
forty,  undergo  during  this  day  changes  of  great  import- 
ance. Since  these  changes  are  intimately  connected 
with  the  subsequent  development  of  the  vertobntl 
column,  it  will  perhaps  be  more  convenient  to  describe 
bi-iefly  hero  the  whole  seriea  of  events  through  which 
the  somites  become  converted  into  the  permanent 
structures  to  which  they  give  rise,  though  maDy  of  the 
changes  do  not  take  place  till  a  much  later  date  than 
the  fourth  day. 

The  separation  of  the  muscle-plates  (p.  187)  left  the 
remainder  of  each  somite  as  a  somewhat  triangular 
mass  lying  betvreen  the  neural  canal  and  aotochorcl  on 
the  inside,  and  the  muscle-plate  and  intermediate  cxsJi- 
mass  on  the  outside  (Fig.  64).    Already  on  the  third  day 
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blast,  still  marked,  however,  by  the  transparent  lines 
indicating  the  fore  and  aft  limits  of  the  several  somites. 
This  mesoblastic  investment  is  sometimes  spoken  of  as 
the  "membranous"  vertebral  column. 

The  portions  of  the  somites  thus  forming  the  primary 
vertebrae  or  membranous  vertebral  column  are  converted 
into  the  permanent  vertebrae;  but  their  conversion  is 
complicated  by  a  remarkable  new  or  secondary  segmen- 
tation of  the  whole  vertebral  column. 

On  the  fourth  day,  the  transparent  lines  marking 
the  fore  and  aft  limits  of  the  somites  are  still  distinctly 
visible.  On  the  fifth  day,  however,  they  disappear,  so 
that  the  whole  vertebral  column  becomes  fused  into  a 
homogeneous  mass  whose  division  into  vertebrae  is  only 
indicated  by  the  series  of  ganglia.  This  fusion,  which 
does  not  extend  to  the  muscle-plates  in  which  the 
primary  lines  of  division  still  remain  visible,  is  quickly 
followed  by  a  fresh  segmentation,  the  resulting  segments 
being  the  rudiments  of  the  permanent  vertebrae.  The 
new  segmentation,  however,  does  not  follow  the  lines  of 
the  segmentation  of  the  muscle-plates,  but  is  so  effected 
that  the  centres  of  the  vertebral  bodies  are  opposite  the 
septa  between  the  muscle-plates. 

The  explanation  of  this  character  in  the  segmentation  is  not 
dif&cult  to  find.  The  primary  segmentation  of  the  body  is  that 
of  the  muscle-plates,  which  were  present  in  the  primitive  forms 
in  which  vertebrae  had  not  appeared.  As  soon  however  as  the 
notochordal  sheath  was  required  to  be  strong  as  well  as  flexible, 
it  necessarily  became  divided  into  a  series  of  segments. 

The  condition  mider  which  the  lateral  muscles  can  best  cause 
the  flexure  of  the  vertebral  column  is  clearly  that  each  muscle- 
plate  shall  be  capable  of  acting  on  two  vertebrad  ;  and  this  con- 
dition can  only  be  fulfilled  when  the  muscle-segments  are  oppo- 
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sito  tbt  iiitervab  betn-een  the  Tertebne.  Far  this  reason,  wben 
tL'j  <.-->rtebne  became  formed,  their  centres  were  of^Msita  not  Um 
miJ'lIe  of  the  muscle-pktea  but  the  inter-muscular  septa. 

These  considerations  fiillv  explain  the  chftncten  of  the 
eec'inJary  segmentation  of  the  Tertebro)  column.  On  the  othec 
h,inU  the  primary  segmentation  of  the  rertebral  rudiments  is 
clearly  a  remnant  of  a  condition  when  no  rertebnl  bodies  wen 
present ;  and  has  no  greater  morphological  significance  than  the 
fact  that  the  cells  of  the  rertebne  vcere  derived  from  tba  seg- 
mented muscle- plates,  and  then  became  fused  into  a  oontioaoua 
f^heath  aroimd  the  notochord  and  nerrous  axis ;  till  finally  thej 
became  in  still  higher  forms  differentiated  into  vertebm  and 
their  arches. 

By  these  changes  this  remarkable  result  is  brought 
aljout,  that  each  permanent  vertebra  is  formed  out  of 
portions  of  two  consecutive  mesoblastic  somites.  Thus, 
for  iustance,  the  tenth  permanent  vertebra  ib  fbnned 
out  of  the  hind  portion  of  the  tenth  somite,  and  the 
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with  a  number  of  cartilaginous  arches  which  appear  in 
the  mesoblastic  investment  of  the  neural  canal.  These 
arches,  which  thus  roof  in  the  neural  canal,  are  the 
cartilaginous  precursors  of  the  osseous  vertebral  arches. 
We  further  find  that  the  portions  of  the  cartilaginous 
tube  from  which  the  arches  spring  come  to  differ  histo- 
logically from  the  portions  between  them  not  connected 
with  arches:  they  are  clearer  and  their  cells  are  less 
closely  packed.  There  is  however  at  this  period  no 
distinct  segmentation  of  the  cartilaginous  tube,  but 
merely  a  want  of  uniformity  in  its  composition. 

The  clearer  portions,  from  which  the  arches  spring, 
form  the  bodies  of  the  vertebrce,  the  segments  between 
them  the  intervertebral  regions  of  the  colunm« 

On  the  fifth  day  a  division  takes  place  of  each  of  the 
intervertebral  segments  into  two  parts,  which  respec- 
tively attach  themselves  to  the  contiguous  vertebral 
regions.  A  part  of  each  intervertebral  region,  immedi- 
ately adjoining  the  notochord,  does  not  however  imdergo 
this  division,  and  afterwards  gives  rise  to  the  ligamen- 
tum  suspensorium. 

This  fresh  segmentation  is  not  well  marked,  if  in- 
deed it  takes  place  at  all  in  the  sacral  region. 

To  recapitulate: — the  original  somites  lying  side  by 
side  along  the  notochord,  after  giving  off  the  muscle- 
plates,  grow  around,  and  by  fusing  together  completely 
invest,  with  mesoblast,  both  neural  canal  and  notochord. 

This  investment,  of  which  by  reason  of  its  greater 
growth  the  original  bodies  of  the  somites  now  seem  to  be 
only  an  outljdng  part,  becomes  cartilaginous  in  such  a 
way  that  while  the  notochord  becomes  surrounded  with 
a  thick  tube  of  cartilage  bearing  no  signs  of  segmenta- 
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tioD,  but  having  the  ganglia  lodged  on  ita  ezterior  at 
intor\'al3,  the  neural  canal  is  covered  in  with  a  series  of 
cartilaginous  arches,  connected  to  each  other  by  ordinary 
inesoblastic  tissue  only,  but  passing  at  their  bases  di- 
rectly into  the  cartilaginous  tube  around  the  notochord. 

By  a  process  of  histological  differentiation  the  carti- 
laginous tube  is  divided  into  vertebral  and  interverte- 
bral portions,  the  vertebral  portions  corresponding  to 
the  arches  over  the  neural  canal.  Fresh  lines  of  seg- 
mentation then  appear  in  the  intervertebral  portions, 
dividing  each  of  them  into  two  parts,  of  which  one  at- 
taches itself  to  the  vertebra  in  front  and  the  other  to 
the  vertebra  behind. 

The  notochord.  Meanwhile  from  the  fourth  to  the 
si\th  day  important  changes  take  place  in  the  notochord 

On  its  first  appearance  the  notochord  was,  as  we 
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on  the  sixth  day  the  vacuoles  in  each  cell  have  so  much 
increased  at  the  expense  of  the  protoplasm  that  only  a 
very  thin  layer  of  the  latter  is  leit  at  the  circumference 
of  the  cell,  at  one  part  of  which,  where  there  is  gene- 
rally more  protoplasm  than  elsewhere,  the  starved  re- 
mains of  a  nucleus  may  generally  be  detected.  Thus 
the  whole  notochord  becomes  transformed  into  a  spongy 
reticulum,  the  meshes  of  which  correspond  to  the  vacu- 
oles of  the  cells  and  the  septa  to  the  remains  of  their 
cell-walls. 

The  notochord  is  on  the  sixth  day  at  the  mftTiTnnm 
of  its  development,  the  change  which  it  henceforward 
undergoes  being  of  a  retrograde  character. 

From  the  seventh  day  onward,  it  is  at  various  points 
encroached  upon  by  its  investment.  Constrictions  are 
thus  produced  which  first  make  their  appearance  in  the 
intervertebral  portions  of  the  sacral  region.  In  the  cer- 
vical region,  according  to  Qegenbaur,  the  intervertebral 
portions  are  not  constricted  till  the  ninth  day,  though  in 
the  vertebral  portions  of  the  lower  cervical  vertebrse  con- 
strictions are  visible  as  early  as  the  seventh  day.  By 
the  ninth  and  tenth  days,  however,  all  the  interverte- 
bral portions  have  become  distinctly  constricted,  and  at 
the  same  time  in  each  vertebral  portion  there  have  also 
appeared  two  constrictions  giving  rise  to  a  central  and 
to  two  terminal  enlargements.  In  the  space  therefore 
corresponding  to  each  vertebra  and  its  appropriate  in- 
tervertebral portion,  there  are  in  all  three  constrictions 
and  three  enlargements. 

On  the  twelfth  day  the  ossification  of  the  bodies 
of  the  vertebrae  commences.  The  first  vertebra  to  ossify 
is  the  second  or  third  cervical,  and  the  ossification  gradu- 

P.  A  B.  14 
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ally  esteDds  backwards.  It  does  not  commence  in  the 
arches  till  somewhat  later.  For  each  arch  there  are 
two  centres  of  ossification,  one  on  each  aide. 

The  notochord  persists  for  the  greater  part  of  fintal 
life  and  even  into  post-fcetal  life.  The  lai^^  vertehial 
portions  are  often  the  first  completely  to  vaoisL  They 
would  seem  in  many  cases  at  any  rate  (Gegenbaor)  to 
be  converted  into  cartilage  and  so  form  an  int^ral  put 
of  the  permanent  vertebrse.  Rudiments  of  the  inter- 
vertebral portions  of  the  notochord  may  long  be  detected 
in  the  ligamenta  suspensoria. 

^Ve  maj  remind  the  reader  that  in  the  adult  bird  we  find 
between  each  of  the  vertebrw  gf  a  necic  and  bock  a  cartilagmous 
di^c— the  meniscus — which  is  pierced  in  the  centre.  These  diacB 
are  thick  at  the  circumference  but  thin  off  to  a  fine  edge  rotmd 
tho  central  hole.  Owing  to  the  ahape  of  these  diacB  there  are  kA 
betweeD  each  pair  of  vertebra  two  cavities,  which  only  commn- 
Qicate  through  the  central  aperture  of  the  meniBcaa.     Tbroogb 
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Shortly  after  the  formation  of  the  ligamentum  sospenBorium 
the  remaining  cartilage  of  the  intervertebral  segments  is  con- 
verted into  the  meniscus  between  each  two  vertebro,  and  in  the 
tail  into  the  annulus  fibrosus.    Both  are  absent  in  the  sacrum. 

Muscle-plates.  We  shall  conclude  our  account  of 
the  mesoblastic  somites  by  describing  the  changes  which 
take  place  in  the  muscle-plates. 

In  the  chick  these  are  somewhat  complicated,  and 
have  not  been  fully  worked  out. 

On  the  third  day  the  muscle-plates  end  opposite  the 
point  where  the  mesoblast  becomes  split  into  somato- 
pleure  and  splanchnopleure.  On  the  fourth  day  how- 
ever (Fig.  68  mp.)  they  extend  a  certain  distance  into 
the  side  walls  of  the  body  beyond  the  point  of  the 
division  into  somatopleure  and  splanchnopleure. 

Into  what  muscles  of  the  trunk  they  become  con- 
verted has  been  somewhat  disputed.  Some  embryolo- 
gists  have  stated  that  they  only  form  the  muscles  of 
the  back.  We  have,  however,  little  doubt  that  all  the 
episkeletal  muscles,  to  use  Professor  Huxley's  term 
(Vertebrates,  p.  46),  are  their  products;  a  view  also 
adopted  by  Professors  Huxley  and  Eolliker. 

The  development  of  the  subvertebral  system  of  muscles 
(hyposkeletal  of  Huxley)  has  not  been  worked  out,  but  on  the 
whole  there  is  reason  to  believe  that  it  is  derived  from  the 
muscle-plates.  EttUiker,  Huxley  and  other  embryologists  believe 
however  that  these  muscles  are  independent  of  the  muscle-plates 
in  their  origin. 

Whether  the  muscle  of  the  diaphragm  is  to  be  placed  in  the 
same  category  as  the  hyposkeletal  muscles  has  not  been  made  out. 

It  is  probable  that  the  cutaneous  muscles  of  the  trunk  are 
derived  from  the  cells  given  o£f  from  the  muscle-plates.  KolUker 
however  believes  that  they  have  an  independent  origin. 

14--2 
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The  lunb-mnacles,  both  extarinaic  and  intrimk^  are  in  oartain 
tihei  (Ela^mobraochii),  deriTol  ban  tbe  nHiael»-|datea,  aid  a 
similar  origin  haa  been  obeemred  in  I^oertilia  and  AmpliftiH 

In  the  Chick  and  other  hi^KT  Yertebcata  on  tha  other  haiMl 
the  entrance  of  the  moscla-platea  into  the  limbe  has  not  been 
made  out  (EsUiker).  It  aeems  Uierelbn  probable  that  l^  an 
embrvological  modification,  of  which  ■■"*»"""  are  ao  freqnant, 
tbe  cells  which  give  riae  to  the  muadfis  of  the  limbs  in  tbe  higt«»r 
Vertcbrata  can  no  longer  be  Izaced  into  a  direct  oonneotion  with 
the  musclo-plates. 

At  fiiBt,  as  is  clear  &om  their  mode  of  origin,  the 
muscle-plates  correspond  in  number  with  the  protorer- 
tebne,  and  this  condition  is  pennanent  in  tiie  lower 
vertebrates,  such  as  fishes,  where  we  find  that  the 
lateral  muscle  is  divided  by  septa  into  a  series  of 
segments  corresponding  in  Dumber  with  the  vertebrat. 

Wolffian  body  or  mesonephros.  Of  all  the  erentB 
of  tho  I'oTirth  day,  none  perhaps  are  more  important  than 


vil]  thb  wolffian  body.  213 

with  the  general  folding  in  of  the  body,  cause  it  to 
appear  to  change  its  place  and  travel  downwards  (p. 
193).  While  the  shifting  is  going  on,  the  cells  lining 
the  upper  end  of  the  pleuroperitoneal  cavity  (the  kind 
of  bay  which,  as  seen  in  sections,  is  formed  by  the  diver- 
gence of  the  somatopleure  and  splanchnopleure)  become 
columnar,  and  constitute  a  distinct  epithelium.  This 
epithelium,  which  is  clearly  shewn  in  Fig.  64,  and  is 
also  indicated  in  Fig.  65,  is  often  called  the  germinal 
epitheltum,  because  some  of  its  cells  subsequently  take 
part  in  the  formation  of  the  ovary.  Soon  after  the  ap- 
pearance of  the  germinal  epithelium,  the  intermediate 
cell-mass  increases  in  size  and  begins  to  grow  outwards 
into  the  pleuroperitoneal  cavity,  as  a  rounded  projection 
which  lies  with  its  dorsal  surface  towards  the  somato- 
pleure, and  its  ventral  surfiEu^e  towards  the  splanchno- 
pleure, but  is  in  either  case  separated  fix)m  these  layers 
by  a  narrow  chink.  The  Wolffian  duct  (Figs.  65,  68, 
Wd)  travels  down,  and  finally  before  the  end  of  the  third 
day  is  found  in  the  upper  part  of  this  projection,  near 
that  £Eu;e  of  it  which  is  turned  towards  the  somatopleure. 

The  tubules  of  the  anterior  part  of  the  Wolffian 
body  have  by  the  end  of  the  fourth  day  almost  entirely 
disappeared;  but  the  tubules  of  that  part  of  the  Wolf- 
fian body  which  is  found  behind  the  16th  segment 
undergo  a  further  development. 

Each  increases  in  size  especially  that  portion  which 
proceeds  firom  the  Malpighian  body  and  is  known  as  the 
coiled  tubulus  (region  No.  3,  see  p.  193).  This  becomes 
much  elongated  and  tvristed.  As  a  consequence  of  this 
increase  in  size  the  intermediate  cell-mass  comes  to 
project  more  and  more  into  the  pleuroperitoneal  cavity. 


214  THE  FOUBTH  DAT.  [cHAP 

Tho  large  aiM  of  the  hinder  part  of  tha  Wolffian  body  aa 
compared  with  that  of  the  anterior  part  ia  due  to  tho  praaenoe  of 
the  dorsall;  placed  secondary  tubules,  whoaa  derelopmsnt  waa 
mentloDcd  on  p.  192.  These  are  more  numerous  in  the  pooterior 
than  in  the  anterior  part  of  tha  Wolffian  bodj.  At  the  hind  end 
of  the  Wolffian  body  there  are  as  many  as  four  to  each  primaiy 
tubule. 

The  tubules,  which  from  their  contorted  couise  ate 
in  sections  (Figs.  68,  71)  seen  cut  at  various  angles, 
possess  an  epithelium  which  is  thicker  than  that  of  tha 
Wolffian  duct.  From  this  difference  it  is  generally  easy 
to  distinguish  the  sections  of  the  tubules  from  those  of 
the  duct.  The  glomeruli  of  the  Malpigbian  bodies  are 
in  sections  of  hardened  embryos  usually  filled  with 
blood  -corpuscles. 

Towards  the  hind  end  of  the  embryo,  tha  projectaoa 
of  the  intermediate  cell-mass  spoken  of  above  becomes 
smaller  and  smaller,  and  the   Wolffian  duct  is  thus 
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Wolffian  body  there  is  formed  in  both  sexes  a  duct, 
which  in  the  female  becomes  the  oviduct,  but  which  in 
the  male  is  fimctionless  and  usually  disappears.  This 
duct,  in  spite  of  certain  peculiarities  in  its  development, 
is  without  doubt  homologous  with  the  Miillerian  duct 
of  the  Ichthyopsida. 

The  first  rudiment  of  the  Miillerian  duct  appears  at 
the  end  of  the  fourth  day,  as  three  successive  open  involu- 
tions of  the  peritoneal  epithelium,  connected  together 
by  more  or  less  well-defined  ridge-like  thickenings  of 
the  epitheUum.  It  takes  its  origin  from  the  layer  of 
thickened  peritoneal  epithelium  situated  near  the  dorsal 
angle  of  the  body-cavity,  close  to  the  Wolffian  duct,  and 
some  considerable  distance  behind  the  firont  end  of  the 
Wolffian  duct. 

In  a  slightly  later  stage  the  ridges  connecting  the 
grooves  become  partially  constricted  off  from  the  peri- 
toneal epithelium,  and  develop  a  lumen.  The  condition 
of  the  structure  at  this  stage  is  illustrated  by  Fig.  70, 
representing  three  transverse  sections  through  two 
grooves,  and  through  the  ridge  connecting  them. 

The  Miillerian  duct  may  in  fact  now  be  described  as 
a  short  but  slightly  convoluted  duct,  opening  into  the 
body-cavity  by  three  groove-like  apertures,  and  con- 
tinued for  a  short  distance  behind  the  last  of  these. 

In  an  embryo  not  very  much  older  than  the  one  last 
described  the  two  posterior  apertures  vanish  and  the 
anterior  opening  alone  remains  as  the  permanent  open- 
ing of  the  MuUerian  duct. 

The  position  of  these  openings  in  relation  to  the 
Wolffian  body  is  shewn  in  Fig.  71,  which  probably  passes 
through  a  region  between  two  of  the  peritoneal  openings. 
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BUEwiNQ  TWO  OF  THE  PsBiTOMEAii  InvxansAnovB 

WHICH  OITS  RISE  TO  VHE   ASTKKIOS   PaBT  Or  THM   M0L- 

LERiAN  Duct  (PbonkphbosX 

A  is  tba  llUi  section  of  Qi«  aeries. 
B      „      16tb        „  „ 

C      „      letfa        „  „ 

ri  second  ridge,     xd. 
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Pw.  71. 


■ff 


im,.- 


SaonoN  OF  tmc  Ihtebmbdutk  CbutIusb  oh  thb  Foubth 
Dat.    (From  Waldejor.)    Magnified  160  tdmea. 

m.  me&eaiatj.  L.  somatopleim.  li.  portion  of  the  germmal 
epithelium  from  whioh  the  involutioa  to  form  the  dnot  of 
HUUer  (i)  takes  place,  a.  thickened  portion  of  the  genaina] 
epiUielium  in  which  the  primitive  ova  C  and  o  are  lying, 
E.  modified  meeoblast  which  will  form  the  stroma  of  the 
ovary.     WK.  Wolffian  body.    y.  Wolffian  duct 

its  course  its  groving  point  lies  in  a  bay  fbrmed  b;  the 
outer  wall  of  the  Wolffian  duct,  but  does  not  become 
d^oitely  attached  to  that  duct  It  seems  however 
poedble  that,  although  not  actually  split  off  from  the 
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Fio.  73. 


Two   Sections   bhbwiho  thx  Jimonoii  or  the  TsBJiniAL 
Solid    Pobtion    or   thk    UOllhbiah    Dnot    inrE   thb 
Wolffian  Duct. 
In  A  the  terminal  portion  of  the  duct  ia  quit*  diatiiiat ;  in  B 

it  has  united  with  the  walls  of  the  Wolffian  duct. 

md.  Miillerian  duct.      Wd.  Wolffian  duct 
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tzansverse  section  lies  dorsal  to  the  original  duct,  and 
the  blind  end  of  which  points  forwards,  that  is,  towards 
the  head  of  the  chick.  This  is  the  duct  of  the  perma- 
nent Iddnej  or  ureter.  At  first  the  ureter  and  the 
Wolffian  diust  opesa  bj  a  common  trunk  into  the  cloaca, 
but  this  state  of  things  lasts  for  a  short  time  only,  and 
by  the  azth  day  the  two  ducts  have  independent  open- 
ings. 

The  ureter  thus  b^;inning  as  an  outgrowth  from 

the  Wolffian  duct  grows  forwards,  and  extends  along 
the  outer  side  of  a  mass  of  mesoblastic  tissue  which 
lies  mainly  behind,  but  somewhat  overlaps  the  dorsal 
aspect  of,  the  Wolffian  body. 

This  mass  of  mesoblastic  cells  may  be  called  the 
metanephric  blastema.  It  is  derived  from  the  interme- 
diate cell-mass  of  the  region  reaching  from  about  the 
thirty-first  to  the  thirty-fourth  somite.  It  is  at  first 
continuous  with,  and  indistinguishable  in  structure 
from,  the  portion  of  the  intermediate  cell-mass  of  the 
region  immediately  in  front  of  it,  which  breaks  up  into 
Wolffian  tubules.  The  metanephric  blastema  remains 
however  quite  passive  during  the  formation  of  the 
Wolffian  tubules  in  the  adjoining  blastema;  and  on  the 
formation  of  the  ureter  breaks  o£f  from  the  Wolffian 
body  in  front,  and,  growing  forwards  and  dorsalwards, 
becomes  connected  with  the  inner  side  of  the  ureter 
in  the  position  just  described. 

In  the  subsequent  development  of  the  kidney  col- 
lecting tubes  grow  out  from  the  ureter,  and  become 
continuous  with  masses  of  cells  of  the  metanephric 
blastema,  which  then  differentiate  themselves  into  the 
kidney  tubules. 
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The  formation  of  the  kidneys  takes  place  before  the 
end  of  the  seventh  day,  but  they  do  not  become  of  fono- 
lioaal  importance  till  considerably  later. 

From  their  mode  of  development  it  dearly  follows 
that  the  permanent  kidneys  are  merely  parts  of  the 
same  system  as  the  Wolffian  bodies,  uid  that  their  se- 
paration from  these  ia  an  occurrence  of  a  purtly  Mcond* 
ary  importance. 

The  gNieratiTe  ridge.  Befcnc  describing  the  sab- 
sequent  fate  of  the  Wolffian  and  MOlletian  ducts,  it  will 
be  necessary  to  give  an  account  of  the  formatioD  of  the 
true  sexual  glands,  the  ovaries  and  teste& 

At  the  first  appearance  of  the  projection  &om  the  in- 
termediate cell-mass,  which  we  may  now  call  the  gmiiaZ 
ridge,  a  colunmar  character  ia  not  only  visible  in  the 
layer  of  celb  covering  the  nascent  lidge  itself  along  its 
whole  length,  but  may  also  be  traced  for  some  little  dis- 
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The  median  portion  of  the  ridge  is  occupied  by  the 
projection  of  the  WolfiSan  body,  and  here  the  epithelium 
rapidly  becomes  flattened 

On  the  inside  of  the  ridge  however,  that  is  on  the  side 
looking  towards  the  splandmopleure,  the  epithelium  not 
only  retains  its  columnar  character,  but  grows  several 
cells  deep  (Fig.  71,  a),  while  at  the  same  time  the  meso- 
blast  {E)  underlying  it  becomes  thickened.  In  this 
way,  owing  partly  to  the  increasing  thickness  of  the 
epithelium,  and  partly  to  the  accumulation  of  mesoblast 
beneath  it,  a  slight  eminence  is  formed,  which  when 
viewed  from  below,  after  opening  the  abdominal  cavity, 
appears  in  direct  light  as  a  fusiform  white  patch  or 
streak,  in  its  early  stages  extending  along  the  whole 
length  of  the  Wolffian  body  and  genital  ridge,  but  sub- 
sequently restricted  to  its  anterior  portion.  Its  appear- 
ance under  these  circumstances  has  been  well  described 
by  Von  Baer. 

This  'sexual  eminence'  is  present  in  the  early  stages 
of  both  sexes.  In  both  the  epithelium  consists  of  several 
layers  of  short  cylindrical  cells,  a  few  of  which  are  con- 
spicuous on  account  of  their  size  and  their  possessing  a 
highly  refractive  oval  nucleus  of  considerable  bulk;  in 
both,  the  underlying  thickened  mesoblast  consists — as 
indeed  at  this  epoch  it  does  generally  in  all  parts  of  the 
body — of  spindle-shaped  cells. 

The  laiger  conspicuous  cells  of  the  epithelium 
which  appear  to  have  quite  a  common  origin  with  their 
fellow  cells  and  to  arise  from  them  by  direct  differen- 
tiation, and  which  are  seen  at  the  first  in  male  as 
well  as  female  embryos,  are  the  primordial  ova  or  pri- 
mitive germinal  cells  (Fig.  71,  o).     Thus  in  quite  early 


222 


THE  FOUHTH  DAT. 


[chap. 
1  impossible  to  detect  the  one  sex  from  tlie 


stages  it  i 
other. 

The  ovary.  In  the  female  the  primordial  ova  en- 
large and  become  more  numerous,  the  whole  epitheliom 
growing  thicker  and  more  prominent,  and  the  spindle- 
shaped  cells  of  the  underlying  mesoblast  also  increase 
rapidly  and  thus  form  the  stroma  of  the  ovaiy.  The 
primordial  ova  after  undergoing  some  further  changes, 
into  which  it  is  not  within  the  scope  of  this  work  to 
enter,  become  surrounded  by  a  number  of  the  ordinary 
epithelium  cells.  These  form  a  distinct  layer,  the  folli- 
cular epithelium,  round  the  ovum.  After  a  time  there 
appear  numerous  vascular  ingrowths  from  the  stroma, 
which  penetrate  through  all  parts  of  the  genninal  e|H- 
thelium  and  break  it  up  into  a  sponge-like  atmctnre 
formed  of  trabecule  of  germinal  epithelium  inteipeDe- 
tratcd  by  vascular  strands  of  stroma.     The  trabecule 
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somewhat  close  connection  with  the  Wolffian  bodies; 
but  occupy  about  the  same  limits  from  before  back- 
wards. The  mesoblast  in  the  position  we  have  men- 
tioned begins  to  become  somewhat  modified,  and  by 
the  eighth  day  the  testis  is  divided  by  septa  of  connec- 
tive tissue  into  a  number  of  groups  of  cells;  which  are 
the  commencing  tubuli  seminiferL  By  the  sixteenth 
day  the  cells  of  the  tubuli  have  become  larger  and 
acquired  a  distinctly  epithelial  character. 

The  history  of  the  primordial  cells  in  the  male  has 
not  been  so  thoroughly  worked  out  as  in  the  female. 
The  spennatozoa  appear  to  arise  by  the  division  of 
the  primitive  ova  (present,  as  we  have  stated,  in  the 
early  stages  of  both  sexes),  which  probably  migrate 
into  the  adjacent  stroma,  accompanied  by  some  of  the 
indifferent  epithelial  cells.  Here  the  primitive  germi- 
nal cells  increase  in  number  and  give  rise  to  the  cells 
lining  the  secretory  tubules  of  the  testes. 

Outgrowths  from  the  Malpighian  bodies  of  the 
Wolffian  body  appear  to  be  developed,  which  extend 
into  the  testis  and  come  into  connection  with  the  true 
seminiferous  stroma. 

It  is  evident  from  the  above  account  that  the  male 
and  female  generative  products  are  homodynamous, 
but  the  consideration  of  the  development  of  the  pro- 
ducts in  the  two  sexes  shows  that  a  single  spermatozoon 
is  not  equivalent  to  an  ovum,  but  rather  that  the  whole 
of  the  spermatozoa  derived  from  a  primordial  ovwm  are 
together  equivalent  to  one  ovum. 

We  have  now  described  the  origin  of  all  the  parts 
which  form  the  urinary  and  sexual  systems,  both  of  the 
embryo  and  acuilt     It  merely  remains  to  speak  briefly 
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of  the  changea,  which  on  the  attainment  of  the  adult 
condition  take  place  in  the  parts  deacribed. 

The  Wolffian  body,  accx>rding  to  Waldeyer,  may  be 
said  to  consist  of  a  sexual  and  urinary  part,  which  can, 
he  states,  be  easily  distinguished  in  the  just-hatched 
chick.  The  sexual  part  becomes  in  the  cock  the  after- 
testes  OF  coni  vasculosi,  and  consifits  of  tubules  which 
lose  themselves  in  the  seminiferous  tubules.  In  the 
hen  it  forms  part  of  the  epoophoron'  of  Waldeyer,  and 
is  composed  of  well-developed  tubes  without  pigment. 
The  urinary  part  forms  in  both  sexes  a  small  rudiment, 
consisting  of  blindly  ending  tubes  with  yellow  pigment ; 
it  is  most  conspicuous  in  the  hen.  This  rudiment 
has  been  called  by  Waldeyer  parepididymis  in  the  male 
and  paroophoron  in  the  female. 

The  Wolffian  duct  remains  as  the  vas  deferens  in 
the  male.      In  the  female  it  becomes  atrophied  and 
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It  is  not,  however,  till  the  second  half  of  the  fourth  day, 
when  the  allantois  grows  rapidly,  that  these  allantoic, 
or,  as  they  are  sometimes  called,  umbilical,  arteries 
acquire  any  importance,  if  indeed  they  are  present 
before. 

The  yitelline  arteries  are  before  the  end  of  the  day 
given  o£f  from  the  imdivided  aortic  trunk  as  a  single 
but  quickly  bifurcating  vessel,  the  left  of  the  two 
branches  into  which  it  divides  being  much  larger  than 
the  right. 

During  this  day,  the  arterial  arch  running  in  the 
first  visceral  fold  becomes  obliterated,  the  obliteration 
being  accompanied  by  the  appearance  of  a  new  (fourth) 
arch  running  in  the  fourth  visceral  fold  on  either 
side. 

The  second  pair  of  arterial  arches  also  becomes 
nearly  (if  not  entirely)  obliterated;  but  a  new  pair  of 
arches  is  developed  in  the  last  (fifth)  visceral  fold, 
behind  the  last  visceral  cleft;  so  that  there  are  still 
three  pairs  of  arterial  arches,  which  however  now  run 
in  the  third,  fourth  and  fifth  visceral  folds,  the  last  of 
these  being  as  yet  smalL  If  we  reckon  in  the  slight 
remains  of  the  second  pair  of  arches  we  may  considei 
that  there  are  in  all  four  pairs  of  arches.  When  the 
first  and  second  arches  are  obliterated,  it  is  only  the 
central  portion  of  each  arch  on  either  side  which  abso- 
lutely disappears.  The  ventral  portion  connected  with 
the  bulbus  arteriosus,  and  the  dorsal  portion  which 
joins  the  dorsal  aorta»  both  remain,  and  are  both  carried 
straight  forward  towards  the  head.  The  ventral  por- 
tions of  both  first  and  second  arches  unite  on  each  side 
to  form  a  branch,  the  external  carotid  (Fig.  73,  E.C.A.), 

P.  <fr  B.  16 
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which  nina  straight  up  from  the  bulbus  arteriosos  to 
the  head. 

Fio.  78. 


State  of  Arterial  CntcriATiOH  oh  the  Fivth  ob  Siztb 

Day. 

I-:.C.A.  external  carotid.     I.C.A.  internal  carotid.     D.A.  dorasl 

iLorta.    Of.A.  vitelline  artery.     U.A.  allantoic  arteriea. 
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Fw.  74. 


DlAORAK    OF    THE    VKNODS    CiBCDLATIOII    AT    TBB    COUMUKOK- 
KENT  or  THE  FlPTH  DaY. 

£.  heart  d.c.  ductus  Cuvieri.  Into  the  ductus  Cuvieri  of  each 
side  fnll  J.  the  jugular  vein  or  Buperior  cardinal  Tain, 
W.  the  vein  from  the  wing,  ajid  e.  the  inferior  cardinal  vein. 
S.  V.  sinuB  TsnoBua.  Of.  vitelline  vein.  U.  allantoic  vean, 
which  at  thia  stage  gives  off  branches  to  the  body-walls. 
V.C.I,  vena  cava  inferior.    I,  liver. 

The  hepatic  circulation,  which  was  coQuuenced  oa 
the  third  day,  becomes  completel;  established.  Those 
branchefl  which  come  off  from  the  ductus  Tenosus  soon' 
i^ter  its  entrance  between  the  liver  lobes  carry  blood 
into  the  substance  of  the  liver  and  are  called  vena 
adoekmtes,  while  those  which  join  the  ductus  venosos 
shortly  before  it  leaves  the  liver  (i.e.  neater  the  heart) 
carry  blood  away  from  the  hepatic  substance  into  the 
ductus  and  are  called  venw  revekentes.  As  a  result  of 
this  arrangement  there  is  a  choice  of  paths  for  the 
blood  in  passing  from  the  vitelline  vein  to  the  sinus 
venosos;  it  may  pass  through  the  capillary  net-work 
of  the  liver,  going  in  by  the  vense  advehentes  and 
15— ^ 
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coining  back  again  by  the  verue  revehentes,  or  it  may 
^'o  straight  through  the  ductus  venosus  without  passmg 
ut  all  into  the  substance  of  the  liver. 

As  the  alimentary  canal  by  its  continued  closing  in 
becomes  on  the  fourth  day  more  and  more  distinct  from 
thi;  yolk-sac,  it  gradually  acquires  veins  of  its  own,  the 
mesenteric  veins,  which  first  appear  as  small  branches 
of  the  vitelline  vein,  though  eventu^y,  owing  to  the 
uhaiige  in  the  relative  size  and  importance  of  the  yolk- 
sac  and  intestine,  the  latter  seema  to  be  a  branch  of 
i>iio  of  the  former. 

Corresponding  to  the  increase  in  the  fflze  of  the 
head,  the  superior  cardinal  veins  (Fig,  74,  J.)  become 
l;irj,'t'r  and  more  important  and  are  joined  by  the  wing 
veins  (TT,).  As  before,  they  form  the  ductus  Cuvieri 
(lie.)  by  joining  with  the  inferior  cardinal  veins  (c), 

!■■  latter  are  now  largely  developed,  they  se&m  t/a 
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a  siiigle  trunk,  the  aUaTtioic  vein,  which,  numing  along 
the  splaochnopleure,  &Us  into  the  vitelline  vein  (Fig. 
74,  U.). 

Meanwhile  the  heart  is  undei^oing  considerable 
changes.  Though  the  whole  organ  still  exhibits  a 
marked  curvature  to  the  right,  the  ventricular  portion 
becomes  directed  more  distinctly  ventralwards,  forming 
a  blunted  cone  whose  apex  will  eventually  become  the 
apex  of  the  adult  heart 

The  ooncave  (or  dorsal)  walls  of  the  ventricles  be- 
come much  thicker,  as  did  the  convex  or  ventral  walls 
on  the  third  day. 

Well-marked  constrictions  now  separate  Uie  ven- 
tricles Erom  the  bulbus  arteriosus  on  the  one  baud,  and 
from  the  auricles  on  the  other.  The  latter  constriction 
is  very  distinct,  and  receives  the  name  of  candlis  attri- 
cularia  (Fig,  75,  G.A.) ;  the  former,  sometimes  called 
tiiejretum  HaUeri,  is  far  less  conspicuous. 

Fio.  76. 


I.  left  atiricnlar  appendage.     CA.  c&nalis  auricularis. 
tricle.    6.  bnlbus  arterioBus. 
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Tho  most  important  event  is  perhape  the  formatioa 
of  the;  ventricular  septum.  This,  which  commenced  on 
t)ic  third  day  as  a  crescentric  ridge  or  fold  springing 
from  the  convex  or  ventral  aide  of  the  lonnded  ven- 
tricular portion  of  the  heart,  now  grows  rapidly  across 
the  ventricular  cavity  towards  the  concave  or  dorsal 
side.  It  thus  forms  an  incomplete  longitudinal  par- 
tition, extending  from  the  canalis  auricularia  to  the 
eomniencement  of  the  bulbus  arteriosus,  and  dividing 
the  t\vi3ted  ventricular  tube  into  two  somewhat  curved 
canals,  one  more  to  the  left  and  above,  the  other  to  the 
right  and  below.  These  communicate  freely  with  each 
otliiT,  above  the  free  edge  of  the  partition,  along  its 
wholo  length. 

Externally  the  ventricular  portion  as  yet  shews  no 
sign  of  the  division  into  two  parts. 

Tho  bulbus  arteriosus  (Fig.  75,  6.)  has  increased  in 
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(2)  The  increase  in  the  tail-fold. 

(3)  The  formation  of  the  limbs  as  local  thickenings 
of  the  Wolffian  ridge. 

(4)  The  formation  of  the  olfisK^tory  grooves. 

(5)  The  absorption  of  the  partition  between  the 
mouth  and  the  throat, 

(6)  The  vacuolation  of  the  cells  of  the  notochord. 

(7)  The  formation  of  the  ureter. 

(8)  The  formation  of  the  duct  of  Miiller. 

(9)  The  appearance  of  the  primitive  ova  in  the 
germinal  epithelium. 

(10)  The  development  of  a  fifth  pair  of  arterial 
arches^  and  the  obliteration  of  the  first,  and  partial 
obliteration  of  the  second  pair. 

(11)  The  development  of  the  'canalis  auriculans,' 
the  growth  of  the  septum  of  the  ventricles  and  of  the 
auricular  appendages. 


CHAPTER  Vin. 

THE    CHANGES    WHICH     TAKE    PLACE    ON    THE    FIFTH 
DAY. 

On  opening  an  egg  about  the  middle  of  the  fifth 
d;iy,  tlie  observer's  attention  is  not  arrested  by  any  new 
ftatnrea ;  but  lie  notices  that  the  progress  of  develop- 
ment, which  was  so  rapid  during  the  later  half  of 
thii  fourth  day,  is  being  continued  with  undiminished 

The  allantois,  which  on  the  fourth  day  began  to 
project  from  the  pleuroperitoneal  cavity,  has  growTi  very 
rapidly,  and  now  stretchers  away  from  the  somatic  stalk 
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cord,  and  will  undergo  no  further  change  till  near  the 
time  of  hatching.  The  space  between  it  and  the  so- 
matic stalk  is  still  considerable,  though  the  latter  is 
narrower  than  it  was  on  the  fourth  day. 

The  embryo  remains  excessively  curved,  so  much 
so  indeed  that  the  head  and  the  tail  are  nearly  in 
contact 

The  limbs  have  increased,  especially  in  length ;  in 
each  a  distinction  is  now  apparent  between  the  more 
cylindrical  stalk  and  the  flattened  terminal  expansion ; 
and  the  cartilaginous  precursors  of  the  several  bones 
have  already  become  visible. 

The  fore  and  hind  limbs  are  still  exceedingly  alike, 
and  in  both  the  stalk  is  already  beginning  to  be  bent 
about  its  middle  to  form  the  elbow  and  knee  respec- 
tively. 

The  angles  of  both  knee  and  elbow  are  in  the  first 
instance  alike  directed  outwards  and  somewhat  back- 
wards. By  the  eighth  day,  however,  the  elbow  has 
come  to  look  directly  backwards  and  the  knee  forwards. 
In  consequence  of  this  change,  the  digits  of  the  fore 
limb  point  directly  forwards,  those  of  the  hind  limb 
directly  backwards.  This  state  of  things  is  altered  by 
a  subsequent  rotation  of  the  hand  and  foot  on  the  arm 
and  leg,  so  that  by  the  tenth  day  the  toes  are  directed 
straight  forwards,  and  the  digits  of  the  wing  backwards 
and  somewhat  ventralwards,  the  elbow  and  knee  almost 
touching  each  other. 

While  these  changes  are  taking  place  the  diflferences 
between  wing  and  foot  become  more  and  more  distinct. 
The  cartilages  of  the  digits  appear  on  the  fifth  day  as 
streaks  in  the  broad  flat  terminal  expansions,  from  the 
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evi  n  curved  edge  of  which  they  do  not  project.  On  the 
:jixth  or  seventh  day  the  three  digits  of  the  wing  (the 
median  being  the  longest)  and  the  four  {or  in  some 
t'uvh  five)  digits  of  the  foot  may  be  distiDguished,  and 
on  the  eighth  or  ninth  day  these  begin  to  fovject  firom 
tht!  edge  of  the  expanded  foot  and  wing,  the  substance 
uf  which,  thin  and  more  or  less  transparent,  remains  for 
some  time  as  a  kind  of  web  between  them.  By  the 
tuuth  day  the  fore  and  hind  extremities,  save  for  the 
absunce  of  feathers  and  nails,  are  akeady  veiitable 
wiuga  and  feet. 

Within  the  mesoblast  of  the  limbs  a  continuous 
bla-stuma  becomes  formed,  which  constitutes  the  fiist 
trace  of  the  skeleton  of  the  limb.  The  corresponding 
L'lomcats  of  the  two  limbs,  viz.  the  humerus  and  femur, 
nidius  and  tibia,  ulna  and  fibula,  carpal  and  tarsal 
hijiics,  metacarpals  and  metatarsals,  and  phalanges,  be- 
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walls.  They  are  placed  opposite  the  intervals  between 
the  muscle-plates,  a^d  are  developed  independently  of 
the  vertebrae,  with  the  transverse  processes  of  which 
they  subsequently  become  closely  united  by  fibrous 
tissue. 

The  sternum  appears  to  be  formed  firom  the  fusion 
of  the  ventral  extremities  of  a  certain  number  of  the 
ribs.  The  extremities  of  the  ribs  unite  with  each  other 
from  before  backwards,  and  thus  give  rise  to  two  car- 
tilaginous bands.  These  bands  become  segmented  off 
from  the  ribs  with  which  they  are  at  first  continuous, 
and  subsequently  fiise  in  the  median  ventral  line  to 
form  the  unpaired  sternum. 

The  sknlL  Two  distinct  sets  of  elements  enter  into 
the  composition  of  the  avian  skull.  These  are  (1)  the 
craniimi  proper,  (2)  the  skeleton  of  the  visceral  arches. 

The  cranium.  As  we  mentioned  in  the  last  chap- 
ter, the  formation  of  the  primitive  cranium  commenced 
upon  the  fourth  day.  This  primitive  cranium,  in  its 
earliest  stage,  inasmuch  as  it  is  composed  of  condensed 
but  otherwise  only  slightly  differentiated  mesoblast,  may 
be  spoken  of  as  the  membranous  cranium.  On  the  sixth 
day  true  hyaline  cartilage  makes  its  appearance  as  a 
differentiation  within  the  membranous  cranium.  The 
cartilaginous  cranium  is  composed  of  the  following  parts. 

(1)  A  pair  of  cartilaginous  plates  placed  on  each 
side  of  the  cephalic  section  of  the  notochord,  and  known 
as  the  parachordals  (Fig.  76,  iv.).  These  plates,  together 
with  the  notochord  (nc.)  enclosed  between  them,  form  a 
floor  for  the  hind-  and  mid-brain.  The  continuous  plate, 
formed  by  them  and  the  notochord,  is  known  as  the 
basilar  plate. 
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behind  where  they  embrace  the  front  end  of  the  noto- 
chord,  they  diverge  anteriorly  for  some  little  distance  and 
then  bend  in  again  in  such  a  way  as  to  enclose  a  space 
— ^the  pituitary  space.  In  front  of  this  space  they  again 
imite.  and  extend  forwards  into  the  nasal  regioiL 

(3)  The  cartilaginous  capsules  of  the  sense  organs. 
Of  these  the  auditory  and  olfsictory  capsules  unite  more 
or  less  intimately  with  the  cranial  walls,  while  the  optic 
capsules,  forming  the  sclerotics,  remain  distinct. 

The  paxachordals  and  notochord.     The  first  of 

these  sets  of  elements,  viz.  the  parachordals  and  noto- 
chord,  forming  together  the  basflar  plate,  is  an  unseg- 
mented  continuation  of  the  axial  tissue  of  the  vertebral 
column.  It  forms  the  floor  for  that  section  of  the  brain 
which  belongs  to  the  primitive  postoral  part  of  the 
head,  and  its  extension  is  roughly  that  of  the  basiocci- 
pital  of  the  adult  skull. 

Laterally  it  encloses  the  auditory  sacs  (Fig.  76),  the 
tissue  surrounding  these  (forming  the  so-called  '  periotic 
capsules ')  is  in  the  chick  never  separate  from  the  basi- 
lar plate.  In  front  it  becomes  narrowed,  and  at  the 
same  time  excavated  so  as  to  form  a  notch  on  each  side 
(Fig.  76,  5)  through  which  the  fifth  nerve  passes ;  and 
in  trout  of  this  it  again  becomes  expanded. 

In  order  to  render  our  subsequent  account  more 
intelligible,  we  may  briefly  anticipate  the  fate  of  the 
basilar  plate.  Behind  it  grows  upwards  on  both  sides,  and 
the  two  outgrowths  meet  above  so  as  completely  to  enclose 
the  medulla  oblongata,  and  to  circumscribe  a  hole  known 
as  the  '  occipital  foramen  *  And  it  is  at  this  point  only 
that  the  roof  of  the  skull  is  at  any  period  formed  of 
cartilage. 


i'SS 
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It  wiU  be  oonvenient  to  aay  a  few  words  hero  with  p 
to  the  uotochord  in  the  head.  It  alwiL;B  eitends  along  the  flow 
I'f  the  mid-  and  hind-braina,  but  ends  immediately  behind  tha 
iiifiuidibulum.  The  front  end  of  the  aotochord  becomes  more  or 
lens  veutraJlj  flexed  in  correspoDdence  with  the  craDial  flemre ; 
its  ajiterior  end  being  in  some  H-nimala  (Elasmobisnohii)  aknost 
bout  backwards  (Fig.  77). 

Fia.  n. 
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The  trabecnlsB.  The  trabeculse,  so  far  as  their 
mere  anatomical  relations  are  concerned,  play  the  same 
part  in  forming  the  floor  for  the  front  cerebral  vesicle 
as  the  parachordals  for  the  mid-  and  hind-brains.  They 
differ  however  firom  the  parachordals  in  one  important 
feature,  viz.  that,  except  at  their  hinder  end,  they  do 
not  embrace  between  them  the  notochord. 

The  notochord  constitutes,  as  we  have  seen,  the 
primitive  axial  skeleton  of  the  body,  and  its  absence  in 
the  greater  part  of  the  region  of  the  trabeculse  would 
probably  seem  to  indicate,  as  pointed  out  by  Gegen- 
baur,  that  these  parts,  in  spite  of  their  similarity  to 
the  parachordals,  have  not  the  same  morphological 
significance. 

While  this  distinction  between  the  parachordals  and  the 
trabeculaB  must  be  admitted,  there  seems  to  be  no  reason  against 
sapposing  that  the  trabecul»  may  be  plates  developed  to  support 
the  floor  of  the  fore-brain,  for  the  same  physiological  reasons 
that  the  parachordals  have  become  formed  at  the  sides  of  the 
notochord  to  support  the  floor  of  the  hind-brain.  By  some 
anatomists  the  trabeculad  have  been  held  to  be  a  pair  of  branchial 
bars;  but  this  view  has  now  been  generally  given  up.  They 
have  also  been  regarded  as  equivalent  to  a  complete  pair  of 
neural  arches  enveloping  the  front  end  of  the  brain.  The  primi- 
tive extension  of  the  base  of  the  fore-brain  through  the  pituitary 
space  is  an  argument,  not  without  force,  which  has  been  appealed 
to  in  support  of  this  view. 

In  the  majority  of  the  lower  forms  the  trabecule 
arise  quite  independently  of  the  parachordals,  though 
the  two  sets  of  elements  soon  unite;  while  in  Birds 
(Fig.  76)  and  Mammals  the  parachordals  and  trabeculsB 
are  formed  as  a  continuous  whole.     The  junction  be- 


240  THE  FIFTH  DAY.  [CHAP. 

twccQ  the  trabeculaB  and  parachordals  becomes  matked 
by  a  cartilaginous  ridge  known  as  the  posterior  clinoid. 
Tho  trabeculse  arc  somewhat  lyre-shaped,  meeting  in 
Front  and  behiDd,  and  leaving  a  large  pituitary  space 
bL'tween  their  middle  parts  (Fig.  76).  Into  this  space 
thtre  primitively  projects  the  whole  base  of  the  fore-br&in, 
but  the  space  itself  gradually  becomes  narrowed,  till  it 
usually  contains  only  the  pituitaxy  body.  The  carotid 
arteries  pass  through  it  in  the  embryo ;  but  it  ceases  to 
be  perforated  in  the  adult.  The  trabecube  soon  unite 
together,  both  in  front  and  behind,  and  form  a  complete 
plate  underneath  the  fore-brain,  ending  in  two  horns  in 
the  interior  of  the  fronto-nasal  process.  A  special  ver- 
tical groivth  of  this  plate  in  the  region  of  the  orbit 
forms  the  interorbital  plate  (Fig.  78,  ps.),  on  the  upper 
Riirf;ico  of  which  the  front  part  of  the  brain  Tests.  The 
trabecular   floor  of  the   brain  does   not   long   remain 
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intenmaal  septum,  continuouB  behind  with  the  inter- 
orbital  septum,  grows  up  (Fig.  78);  while  the  lateral 
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BiVENTH  DAI  OF  mcDBATioN.    (AftoT  Parker.) 

jM.  prenasal  cartilage,  aln.  ulinimal  cartilaga  ale.  aliethmoid  ; 
immediately  below  this  is  the  aliaeptal  cartilage,  tth.  eth- 
moid, pp.  pars  plana,  ps.  preaphenoid  or  inter-orHtal. 
pa.  palatine,  pg.  pterygoid,  i.  optic  uerva.  ai.  alisphenoid. 
q.  quadrate,  it.  stapes.  Jr.  fenestra  rotunda,  hto.  horizon- 
tal eemicircular  canaL  ptc.  posterior  vertical  semicircular 
canal :  both  the  anterior  and  the  poeterior  semicircular 
Okoals  are  seen  ahining  through  the  cartilage,  to.  supro- 
OocipitaL  *o.  eioocipitaL  oo.  occipital  condyle,  ne.  noto- 
ohord.  mi.  Meckel's  cartilage,  ch.  cerato-byal.  bh.  basi- 
byel.     c&r.  and  ebr.  cerato-branchiaL     bh:  baaibranchiaL 

part  ia  known  aa  the  lateral  ethmoid  region,  which 
is  always  perforated  for  the  passage  of  the  olfactory 
nerve. 

The  sense  capsnlea.    The  most  important  of  these 

is  the  auditoiy  capsule,  which,  as  we  have  seen,  fuses 

intimately  with  the  lateral  walla  of  the  skull.     In  front 

there  is  usually  a  cleft  separating  it  from  the  alisphe- 

F.  ft  B.  \ft 
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noid  region  of  the  skull,  through  idiich  the  third 
dinsioQ  of  the  fifth  nerve  passes  out.  This  cleft  be- 
comes narrowed  to  a  small  foramen.  The  sclerotic  is 
fri.'e,  liiit  profoundly  modifies  the  region  of  the  cranium 
near  which  it  is  placed.  The  nasal  investment  is  de- 
veloped in  continuity,  and  is  closely  united,  with  the 
etlimoid  region. 

The  cartilaginous  cranium,  the  development  of 
ulii^,-h  has  been  thus  briefly  tmced,  persists  in  the 
udiilt  \\-ithout  even  the  addition  of  membrane  bones 
in  cirtain  fishes,  e.g.  the  ElasmobranchiL  In  the  Sela- 
cliioid  Ganoids  it  is  also  found  in  the  adult,  but  is 
covond  over  by  membrane  bones.  In  all  other  types 
it  is  invariably  present  in  the  embryo,  but  becomes  in 
the  aduit  more  or  less  replaced  by  osseous  tissue. 

The  bones  in  the  adult  skull  may  be  divided 
r  into  two  categories  aocording  to  their  origin. 
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The  second  arch  (hyoid),  with  its  contained  bar, 
though  retaming  in  some  forms  (Elasmobranchu)  its 
branchial  function,  has  in  most  acquired  additional 
functions,  and  has  undergone  in  consequence  various 
peculiar  modifications. 

The  succeeding  arches  and  their  contained  bars 
retain  their  branchial  function  in  Pisces  and  some 
Amphibia,  but  are  secondarily  modified  and  largely 
aborted  in  the  abranchiate  forms. 

The  ordinary  visceral  arches  in  the  chick  are,  as  we 
have  seen,  sufficiently  obvious,  while  as  yet  their  meso- 
blast  is  quite  undiflFerentiated ;  but  in  the  three  ante- 
rior of  them  rods  of  cartilage  are  subsequently  deve- 
loped and  begin,  to  make  their  appearance  about  the 
fifth  day. 

The  first  arch  (mandibular),  it  will  be  remembered, 
budded  oflf  a  process  called  the  superior  maxillary  pro- 
cess. The  whole  arch,  therefore,  comes  to  consist  of 
two  parts,  viz.  a  superior  and  an  inferior  maxillary  pro- 
cess; it  is  in  the  latter  of  these  that  the  cartilaginous  rod 
on  each  side  is  developed.  The  membranous  tissue  in  the 
superior  maxillary  process  is  called,  from  its  subsequent 
fete,  the  pterygo'palatine  bar,  and  is  in  the  chick  ossified 
directly  without  the  intervention  of  cartilage.  In  the 
inferior  maxillary  process  two  developments  of  cartilage 
take  place,  a  proximal  and  a  distal.  The  proximal 
cartilage  is  situated  (Figs.  76  and  79,  q,)  at  the  side 
of  the  periotic  capsule,  but  is  not  united  with  it.  It  is 
known  as  the  quadrate,  and  in  the  early  stage  is  merely 
a  small  knob  of  cartilage.  The  quadrate  cartilage  os- 
sifies as  the  quadrate  bone,  and  supplies  the  permanent 
articulation  for  the  lower  jaw.     The  distal  rod  is  called 

16—2 
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Meckel's  cartilage  (Fig,  79,  mi.) ;  it  Boon  becomes 
covered  by  investing  (membrane)  bones  wbicb  form 
tbe  mandible;    and  its  proximal   end  ossifies  as  Uie 

articular e. 

Fia.  79, 
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*basi-hyal'  (Fig.  79,  bh,),  and  two  rods,  one  on  each 
side,  the  '  cerato-hyals '  (Fig.  79,  cA.). 

In  the  third  arch,  which  corresponds  with  the  first 
branchial  arch  of  the  Ichthyopsida,  there  is  on  each 
side  a  large  distal  cartilaginous  rod  (Fig.  79,  cbr.),  the 
'  cerato-branchial,'  and  a  smaller  proximal  piece  (Fig. 
79,  e&r.);  between  the  two  arches  lies  an  undefined 
mass  (Fig.  79,  bbr),  the  '  basibranchial.'  In  the  arches 
behind  this  one  there  is  in  the  bird  no  development  of 
cartilage. 

The  lower  part  of  the  hyoid  arch,  including  the 
basi-hyal.  unites  with  the  remnants  of  the  arch  behind 
to  form  the  hyoid  bone  of  the  adult. 

The  fenestra  ovalis  and  fenestra  rotunda  appear 
on  the  seventh  day  as  spaces  in  the  side  walls  of  the 
periotic  cartilage.  The  former  is  filled  up  by  a  small 
piece  of  cartilage,  the  stapes  (Fig.  78,  st),  which  in  the 
adult  forms  part  of  the  columella  (see  pp.  166,  167). 

The  ooluinella  is  believed  by  Huxley  and  Parker  to  represent 
the  independently  developed  dorsal  element  of  the  hyoid,  together 
with  the  stapes  with  which  it  has  become  united. 

For  further  details  of  the  development  of  the  skull 
we  must  refer  the  student  to  Professor  Parker  s  Memoir 
upon  the  Development  of  the  Skull  uf  the  Common 
Fowl  (Gallus  domesticus),  Phil.  Trans,,  1866,  Vol.  clvl, 
pt  1,  and  to  the  chapter  on  the  Bird's  skull  in  the 
Morphology  of  the  Skull,  by  Professor  Parker  and 
Mr  Bettany. 

We  shall  conclude  this  account  by  giving  a  table  of 
those  bones  which  are  preformed  in  cartilage,  and  of  the 
purely  splint  or  membrane  bones. 
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Parts  uf  the  bird/s  skull  which  are  either  preformed 
in  cartilage  or  remain  cartilaginous. 

Fut'ined  from  the  parachordal  cartilages  and  thwr 
upgrowths  around  the  foramen  magnum. — Snpraooci- 
fjital.     Eioccipital.     BasioccipitaL 

Formed  in  the  periotic  cartilage. — Epiotic.  Prootic. 
Opisthotic. 

Fonned  from  the  trabecuUe  and  their  upgrovths. 
— All  sphenoid.  Basisphenoid.  Orhitosphenoid.  Pre- 
sphenoid.  Ethmoid.  Septum  nasi,  turbinals,  prenasal 
and  nasal  cartilages. 

Articulare  and  quadrate  belonging  to  the  first 
^-i^ceral  arch.  Skeleton  of  the  second  and  third  visceral 
archos  and  stapes. 


A.    Hbas  of  EiQKTo  CmoK  op  the  Foobth  Day  tibwed  from 

BXLOW  AS  AH  OPAQUE  OBJEOT.  (Chromic  acid  preparation.) 
C.H.  cerebral  hemispheres.  FB.  vesicle  of  the  third  ventricle. 
Op.  eyebaU.  n/.  naso-fipntal  process,  M.  cavity  of  mouth. 
S.M.  Buperior  maxillary  prooosa  of  F.  1,  the  first  visceral 
fold  (mandibular  arch).  F.  2,  F.  3,  second  and  third 
visceral  folds.    N.  nasal  pit. 

la  order  to  gain  the  view  here  given  the  neck  was  cut  across 
between  the  third  and  fourth  visceral  folds.  Tn  the  section  e 
thus  made,  are  seen  the  alimentary  canal  al  with  its  collapsed 
walls,  the  neural  canal  rr^.c,  the  notochord  ch.,  the  dorsal  aorta 
AO.,  and  the  jugular  veins  V. 

B.  The  same  seen  sideways,  to  shew  the  visceral  folds. 
Letters  as  before. 


After  a  while  the  oui;er  angles  of  the  fronto-nasal 
process,  eaclosing  the  expanded  termination  of  the 
trabecuUe,  project  somewhat  outwards  on  each  side, 
giving  the  end  of  the  process  a  rather  bilobed  appear- 
ance. These  projecting  portions  of  the  fronto-nasal  pro- 
cess form  on  each  side  the  inner  margins  of  the  rapidly 
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deepening  nasal  grooves,  aod  are  sometimes  spoken  of 
as  the  iiiTier  nasal  processes.  The  outer  margin  of  each 
nasal  groove  is  raised  up  into  a  projection  frequently 
ppiiken  of  as  the  outer  nasal  process,  which  runs  down- 
wards to  join  the  superior  maxillary  process,  from  which 
however  it  is  separated  by  a  shallow  depression.  This 
depression,  which  runs  nearly  horizontally  outwards 
towards  the  eyeball,  is  known  as  the  laciymal  groove 
(see  p.  155). 

On  the  fifth  day  the  inner  nasal  processes,  or  lower 
and  outer  comers  of  the  fronto-nasal  process,  arching 
uvcr,  unite  on  each  side  with  the  superior  maxillaij 
proiTssos.  (Compare  Fig.  81,  which,  however,  is  a  view 
of  tlii>  head  of  a  chick  of  the  sixth  day.)  In  this  way 
each  nasal  groove  is  converted  into  a  canal,  which  leads 
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or  first  visceral  arch.    2.  second  visceral  arch,    x,  first  vis- 
ceral cleft  between  the  first  and  second  visceral  arches. 

The  cavity  of  the  mouth  is  seen  enclosed  by  the  fronto-nasal 
process,  the  superior  maxillary  processes  and  the  first  pair  of 
visceral  arches.  At  the  back  of  it  is  seen  the  opening  leading 
into  the  throat.  The  nasal  grooves  leading  from  the  nasal  pits 
to  the  mouth  are  already  closed  over  and  converted  into  canals. 

from  the  nasal  pit  above,  into  the  cavity  of  the  mouth 
below,  and  places  the  two  in  direct  communication. 
This  canal,  whose  lining  consists  of  epiblast,  is  the 
rudiment  of  the  nasal  labyrinth. 

By  the  seventh  day  (Fig.  82),  not  only  is  the  union 
of  the  superior  maxillary  and  fronto-nasal  processes 
completed,  and  the  upper  boundary  of  the  mouth  thus 
definitely  constituted,  but  these  parts  begin  to  grow 
rapidly  forward,  thus  deepening  the  mouth  and  giving 
rise  to  the  appearance  of  a  nose  or  beak  (Fig.  82), 
which,  though  yet  blunt,  is  still  distinct.  The  whole  of 
the  lower  boundary  of  the  buccal  cavity  is  formed  by 
the  inferior  maxillary  processes. 

As  we  have  before  mentioned  (p.  240),  cartilage  suc- 
ceeded by  bone  is  developed  in  the  fronto-nasal  process ; 
the  pterygo-palatine  osseous  bar  (membranous  ossifica- 
tion) in  the  superior  maxillary  process;  Meckel's  cartilage 
the  main  part  of  which  atrophies,  the  proximal  end  only 
ossifying  as  the  articulare,  and  the  quadrate  succeeded 
by  bone  in  the  inferior  maxillary  process;  the  other 
bones  which  form  the  boundaries  of  the  mouth  in  the 
adult  are  developed  later  after  all  external  trace  of  these 
parts  as  separate  processes  has  disappeared. 

At  first  the  mouth  is  a  simple  cavity  into  which  the 
nasal  canals  open  directly.     When  however  the  various 


[chap. 


•m$ 


^ 


vi/rebrtil  yesioles.     a,  eve.     g.  naaal  pits.      L  ttoalo-iOBal 
rrw'if^^      I.   superior   maxillaiy   proeeas.      1.   fint  Tiscenl 


Vm.]  THE  SPINAL  CORD.  261 

plate  stretching  right  across  the  mouth  and  dividing 
it  into  two  cavities — an  upper  and  a  lower  one. 

In  the  front  part  of  the  mouth  their  union  is  quite 
complete,  so  that  here  there  is  no  communication  between 
the  two  cavities.  Behind,  however,  the  partition  is  not 
a  complete  one,  so  that  the  two  divisions  of  the  buccal 
cavity  communicate  at  the  back  of  the  mouth.  The 
external  opening  of  the  mouth  passes  into  the  lower  of 
these  two  cavities,  which  may  therefore  be  called  the 
mouth  proper.  Into  the  upper  chamber  the  nasal 
ducts  open ;  it  may  be  called  the  respiratory  chamber, 
and  forms  the  commencement  of  the  chamber  of  the 
nose.  In  birds  generally  the  upper  nasal  cavity  be- 
comes subsequently  divided  by  a  median  partition  into 
two  chambers,  which  communicate  with  the  back  of 
the  mouth  by  separate  apertures,  the  posterior  nares. 
The  original  openings  of  the  nasal  pits  remain  as  the 
nostrils. 

The  spinal  cord. — On  this  day  important  changes 
take  place  in  the  spinal  cord;  and  a  brief  history  of 
the  development  of  this  organ  may  fitly  be  introduced 
here. 

At  the  beginning  of  the  third  day  the  cavity  of  the 
neural  canal  is  still  of  considerable  width,  and  when 
examined  in  vertical  section  its  sides  may  be  seen  to  be 
nearly  parallel,  though  perhaps  approximating  to  each 
other  more  below  than  above. 

The  exact  shape  varies  according  to  the  region  of 
the  body  from  which  the  section  is  taken. 

The  epiblast  walls  are  at  this  time  composed  of 
radiately  arranged  columnar  cells.  The  cells  are  much 
elongated,  but   somewhat   irregular;   and  it    is  very 
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difficult  in  sections  to  make  out  their  isdividual 
boundaries.  They  contain  granular  oval  nuclei  in 
which  a  nucleolus  can  almost  always  be  seen.  The 
walls  of  the  canal  are  both  anteriorly  and  posterioriy 
considorahly  thinner  in  the  median  plane  than  in  the 
middle. 

Towards  the  end  of  the  third  day  changes  take 
place  in  the  shape  of  the  cavity.  In  the  lumbar  region 
its  vertical  section  becomes  more  elongated,  and  at  the 
same  time  very  narrow  in  the  middle  while  expanded 
at  each  end  into  a  somewhat  bulbous  enlargement,  pro- 
ducing an  hour-glass  appearance  (Fig.  65).  Its  walla 
however  still  preserve  the  same  histological  characters 
as  before. 

On  the  fourth  day  (Fig.  68)  coincidently  with  the 
appearance  of  the  spinal  nerves,  important  changes 
■  observed  in  the  hitherto  undifferentiated  epi- 
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sequent  stages,  and  extends  so  as  gradually  to  cover  the 
whole  cord  (Yig.  83). 


SeOTIOH  laRODGH 


pae.  doraal  white  coliuno.  Una.  latenl  white  column,  aew.  ven- 
tral white  column,  c  dorsal  tissue  filling  up  the  part  where 
the  dorsal  fissure  will  be  formed,  pc.  dorsal  gtey  comu. 
ae.  anterior  grej  comu.  ep.  epithelial  cbUb.  age  anterior 
commiaaure.  jf.  dorsal  part  of  Hpinal  canal,  tpc,  ventral 
part  of  spinal  canal,    of.  anterior  fissure. 

The  grey  matter  and  the  central  epithelium  are 
formed  by  a  differentiation  of  the  main  mass  of  the 
walls  of  the  medullary  canal.    The  outer  cells  lose  their 
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epith<jiial-like  arrangemeDt,  aod,  becoming  prolonged 
into  tibrc-s,  give  rise  to  the  grey  matter,  while  the  inner- 
most ctlls  retain  their  primitive  arrangement,  and  eon- 
stituto  the  epithelium  of  the  canaL  The  process  of 
formation  of  the  grey  matter  would  appear  to  proceed 
from  \s  ithout  inwards,  so  that  some  of  the  cells  which 
have,  on  the  formation  of  the  grey  matter,  an  epithelial- 
liko  arrangement,  subsequently  become  converted  into 
true  nerve-cells. 

The  central  epithelium  of  the  nerroos  Sjrstem  {bx>- 
bablv  curresponda  with  the  so-called  epidermic  layer  of 
thu  epiblast. 

The  grey  matter  soon  becomes  prolonged  dorsally 
and  veutrally  into  the  posterior  and  anterior  horns.  Its 
fibres  may  especially  be  traced  in  two  directions : — (1) 
round  the  anterior  end  of  the  spinal  canal,  immediately 
pithelium  and  s 
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what  linear  space — the   anterior   fissure — which  in- 
creases in  depth  in  the  succeeding  stages  (Fig.  83,  af\ 

The  dorsal  or  posterior  fissure  is  formed  at  a  later 
period  (about  the  seventh  day)  than  the  anterior,  and 
accompanies  the  atrophy  of  the  dorsal  section  of  the 
embryonically  large  canal  of  the  spinal  cord.  The  exact 
mode  of  its  formation  appears  to  be  still  involved  in 
some  obscurity. 

It  seems  probable,  though  further  investigations  on  the  point 
are  still  required,  that  the  dorsal  fissure  is  a  direct  result  of  the 
atrophy  of  the  dorsal  part  of  the  central  canal  of  the  spinal 
cord.  The  walls  of  this  coalesce  dorsally,  and  the  coalescence 
gradually  extends  inwards,  so  as  finally  to  reduce  the  central 
canal  to  a  minute  tube,  formed  of  the  ventral  part  of  the  original 
canaL  The  epithelial  wall  formed  by  the  coalesced  walls  on  the 
dorsal  side  of  the  canal  is  gradually  absorbed. 

The  epithelium  of  the  central  canal,  at  the  period  when  its 
atrophy  commences,  is  not  covered  dorsally  either  by  grey  or 
white  matter,  so  that,  with  the  gradual  reduction  of  the  dorsal 
part  of  the  canal  and  the  absorption  of  the  epithelial  wall  formed 
by  the  fusion  of  its  two  sides,  a  fissure  between  the  two  halves  of 
the  spinal  cord  becomes  formed.  This  fissure  is  the  posterior  or 
dorsal  fissure.  In  the  process  of  its  formation  the  white  matter 
of  the  dorsal  horns  becomes  prolonged  so  as  to  line  its  walls ;  and 
shortly  after  its  formation  the  dorsal  grey  commissure  makes  its 
appearance ;  this  is  not  improbably  derived  from  part  of  the 
epithelium  of  the  original  central  canaL 

Meanwhile  an  alteration  is  taking  place  in  the  ex- 
ternal outline  of  the  cord  From  being,  as  on  the 
fourth  and  fifth  days,  oval  in  section,  it  becomes,  chiefly 
through  the  increase  of  the  white  matter,  much  more 
nearly  circular. 

By  the  end  of  the  seventh  day  the  following  im- 
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transform  the   simple  tube  of  the  early  days  of  in- 
cubation into  an  almost  completely  formed  heart. 

The  venous  end  of  the  heart,  though  still  lying 
somewhat  to  the  left  and  dorsal,  is  now  placed  as  fieur 
forwards  as  the  arterial  end,  the  whole  organ  appearing 
to  be  drawn  together.  The  ventricular  septum  is  com- 
plete. 

The  apex  of  the  ventricles  becomes  more  and  more 
pointed.  In  the  auricular  portion  a  small  longitudinal 
fold  appears  as  the  rudiment  of  the  auricular  septum, 
while  in  the  canalis  auricularis,  which  is  now  at  its 
greatest  length,  there  is  also  to  be  seen  a  commencing 
transverse  partition  tending  to  separate  the  cavity  of 
the  auricles  from  those  of  the  ventricles. 

About  the  106th  hour,  a  septum  begins  to  make  its 
appearance  in  the  bulbus  arteriosus  in  the  form  of  a 
longitudinal  fold,  which  according  to  Tonge  {Proc. 
of  Royal  Soc,  1868)  starts,  not  (as  Von  Baer  thought) 
at  the  end  of  the  bulbus  nearest  to,  but  at  that  farthest 
removed  from,  the  heart.  It  takes  origin  from  the  wall 
of  the  bulbus  between  the  fifth  and  fourth  pairs  of 
arches  and  grows  backwards  in  such  a  manner  as  to 
divide  the  bulbus  into  two  channels,  one  of  which  leads 
from  the  heart  to  the  fourth  and  third  pair  of  arches 
and  the  other  to  the  fifth  pair.  The  free  edge  of  the 
septum  is  somewhat  Y-shaped,  so  that  its  two  legs  as 
it  were  project  backwards  towards  the  heart,  further 
than  its  central  portion;  and  this  shape  of  the  free 
edge  is  maintained  during  the  whole  period  of  its 
growth.  Its  course  backwards  is  not  straight  but 
spiral,  and  thus  the  two  channels  into  which  it  divides 
the  bulbus  arteriosus  wind  spirally  the  one  over  the 
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■.:htr.  The  existence  of  the  septom  can  only  be  as- 
■  -.Ttaiocd  at  this  stage  bj  dissectiwt  or  by  sections, 
th-.r-.-  !  -  ing  as  yet  no  eiteroal  signs  of  the  division. 

At  the  time  when  the  septum  is  first  formed,  the 
<  p. -nirc'  '>f  the  butbus  arteriosus  into  the  ventricles  is 
Tiarrow  vr  alit-Uke,  apparently  in  order  to  prevent  the 
tlo^v  ■■!  the  blood  back  into  the  heart.  Soon  after  the 
app/arance  of  the  septum,  however,  semilunar  valves 
iT''Qge,  loc.  cit.)  are  developed  from  the  wall  of  that 
i"jrtion  of  the  hulbus  which  lies  between  the  free  edge 
..f  the  S'.-ptum  and  the  cavity  of  the  ventricles. 

These  arise  as  six  solid  outgrowths  of  the  wall 
arrange'l  in  paira,  a  ventral,  a  dorsal,  and  an  outer  pair, 
one  vahe  of  each  pair  belonging  to  the  one  and  the 
other  to  the  other  of  the  two  main  divisions  of  the 
hulbus  which  are  now  being  established. 

\-ntral  and  the  dorsal  piurs  of  valves  are  the 
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cavities.  The  free  edge  of  the  septum  of  the  bulbus 
now  fuses  with  the  ventricular  septum,  and  thus  the 
division  of  the  bulbus  into  two  separate  channels,  each 
provided  with  three  valves,  and  each  communicating 
with  a  separate  side  of  the  heart,  is  complete,  the  po- 
sition of  the  valves  not  being  very  diflferent  from  what 
it  is  in  the  adult  heart 

That  division  of  the  bulbus  which  opens  into  the 
fifth  pair  of  arches  is  the  one  which  communicates  with 
the  right  ventricle,  while  that  which  opens  into 
the  third  and  fourth  pairs  communicates  with  the  left 
ventricle  (vide  Fig.  93).  The  former  becomes  the  pul- 
monary artery,  the  latter  the  commencement  of  the 
systemic  aorta. 

The  external  constriction  actually  dividing  the  bul- 
bus into  two  vessels  does  not  begin  to  appear  till  the 
septum  has  extended  some  way  back  towards  the  heart 
The  semilunar  valves  become  pocketed  at  a  period 
considerably  later  than  their  first  formation  (from  the 
147th  to  the  165th  hour)  in  the  order  of  their  ap- 
pearance. 

Towards  the  end  of  the  fifth  and  in  the  course  of  the 
sixth  day  further  important  changes  take  place  in  the 
heart. 

The  venous  end  with  its  two  very  conspicuous  au- 
ricular appendages,  comes  to  be  situated  more  dorsal 
to  the  arterial  end,  though  it  still  turns  rather  towards 
the  left.  The  venous  portion  of  the  heart  imdergoes 
on  the  sixth  day,  or  even  near  to  the  end  of  the  fifth, 
such  a  development  of  the  muscular  fibres  of  its  walls 
that  the  canalis  auricularis  becomes  almost  entirely 
concealed.      The   point  of  the  heart  is  now  directed 
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nearly  backwards  (t.e.  towards  the  tail),  but  also  a  UtUe 
veatrahvarda. 

An  alteratioQ  takes  place  during  the  sixUi  day  in 
the  relative  position  of  the  parts  of  the  ventricular 
division  of  the  heart.  The  right  ventricle  is  now  turned 
towards  the  abdominal  surface,  and  also  winds  to  a 
certain  extent  round  the  left  ventricle.  It  will  be 
remembered  that  on  the  fourth  day  the  right  ventricle 
was  ]>laced  dorsal  to  the  left. 

The  right  ventricle  is  now  also  the  smaller  of  the 
two,  .-)nd  the  conatrictioQ  which  divides  it  from  the  lefi; 
ventricle  does  not  extend  to  the  apex  of  the  heart 
(Fig.  84).  It  haa,  however,  a  very  marked  bulge  to- 
wards the  right 

Fia.  34. 
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right  chamber.  This  is  caused  by  the  canal  from  the 
right  ventricle  into  the  bulbus  arteriosus  passing  to- 
wards the  left,  and  on  the  ventral  side,  so  as  entirely 
to  conceal  the  origin  of  the  canal  firom  the  left  chamber 
of  the  heart  On  the  seventh  day  the  bulbus  arteriosus 
appears  to  come  less  markedly  from  the  right  side  of 
the  heart 

All  these  changes,  however,  of  position  of  the  bulbus 
arteriosus  only  affect  it  externally;  during  the  whole 
time  the  two  chambers  of  the  heart  open  respectively 
into  the  two  divisions  of  the  bulbus  arteriosus.  The 
swelling  of  the  bulbus  is  much  less  marked  on  the 
seventh  day  than  it  was  before. 

At  the  end  of  the  sixth  day,  and  even  on  the  fifth 
day  (Figs.  84,  85),  the  appearance  of  the  heart  itself. 

Fig.  85. 


Heart  of  a  CmoK  upon  the  Sixth  Day  of  Incxtbation, 

FBOH  THE  Ventral  Surface. 

La.  left  auricular  appendage,     r.a,  right  auricular  appendage. 
r.v,  right  ventricle,     l.v.  left  ventricle,     b.  bulhus  arteriosus. 

without  reference  to  the  vessels  which  come  ifrom  it, 
is  not  very  dissimilar  from  that  which  it  presents  when 
adult 
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The  original  curvature  to  the  right  now  forms  the 
apex  of  the  ventricles,  and  the  two  auricular  appendages 
are  plLifcd  at  the  anterior  extremity  of  the  heart. 

The  most  noticeable  difference  (in  the  ventral  view) 
la  the  still  externally  undivided  coudition  of  the  bulbus 
arteriosus. 

The  subaequent  changes  which  the  heart  undergoes 
are  concerned  more  with  its  internal  structure  than 
with  its  external  shape.  Indeed,  during  the  next  three 
daya,  viz,  the  eighth,  ninth,  and  tenth,  the  external 
form  of  the  heart  remains  nearly  unaltered. 

In  tho  auricular  portion,  however,  the  septum  which 
commenced  on  the  fifth  day  becomes  now  more  con- 
spicuous. It  is  placed  vertically,  and  arises  from  tho 
ventral  wall;  commencing  at  the  canalis  auricularis 
and  proceeding  backwards,  it  does  not  as  yet  reach  the 
opening  into  the  sinus  venosus. 

The  blood  &om  the  siniis,  or,  as  ve  mav  call  it,  the 
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which  is  now  joined  just  at  its  entrance  into  the  heart 
by  the  right  vena  cava  superior,  is  directed  into  the  left 
auricle.  The  left  vena  cava  superior  enters  the  right 
auricle  independently;  between  it  and  the  inferior  vena 
cava  is  a  small  valve  which  directs  its  blood  entirely 
into  the  right  auricle. 

On  the  sixteenth  day  the  right  vena  cava  superior, 
when  viewed  from  the  exterior,  still  appears  to  join  the 
inferior  vena  cava  before  entering  the  heart ;  from  the 
interior  however  the  two  can  now  be  seen  to  be  sepa- 
rated by  a  valve.  This  valve,  called  the  'Eustachian 
valve,'  extends  to  the  opening  of  the  left  vena  cava 
superior,  and  into  it  the  valve  which  in  the  earlier 
stage  separated  the  left  superior  and  inferior  venae 
cavss  has  apparently  become  merged.  There  is  also  on 
the  left  side  of  the  opening  of  the  inferior  cava  a  mem- 
brane stretching  over  the  foramen  ovale,  and  serving  as 
a  valve  for  that  orifice.  The  blood  fix)m  the  inferior 
cava  still  passes  chiefly  into  the  left  auricle  through 
the  foramen  ovale,  while  the  blood  from  the  other 
two  venae  cavae  now  falls  into  the  right  auricle,  being 
prevented  from  entering  the  left  chamber  by  the 
Eustachian  valve. 

Hence,  since  at  this  period  also  the  blood  from  the 
left  ventricle  passes  to  a  great  extent  to  the  anterior 
portion  of  the  body,  there  is  a  species  of  double-circula- 
tion going  on.  The  greater  part  of  the  blood  from  the 
allantois  entering  the  left  auricle  from  the  inferior  vena 
cava  passes  into  the  left  ventricle  and  is  thence  sent 
chiefly  to  the  head  and  anterior  extremities  through  the 
third  and  fourth  arches  ;  from  these  it  is  brought  back 
through  the  right  auricle  to  the  right  ventricle,  from 
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whence  ttrough  the  fifth  arch  it  is  returned  along  the 
aorta  to  the  allantois. 

From  the  seventeenth  to  the  nineteenth  day  the 
right  auricle  becomes  larger  than  the  left.  The  lai^e 
Eustachian  valve  still  prevents  the  blood  from  the 
superior  cavie  from  entering  the  left  auricle,  while  it 
conducts  the  blood  from  the  inferior  vena  cava  into  that 
chamber  through  the  foramen  ovale.  The  entrance  of 
the  inferior  vena  cava,  is  however  further  removed  than 
it  was  from  the  foramen  ovale,  and  the  increased  flow 
of  blood  from  the  lungs  prevents  all  the  blood  of  the 
inferior  cava  from  entering  into  the  left  auricle.  At 
the  same  time  the  valve  of  the  foramen  ovale  prevents 
the  blood  in  the  left  auricle  from  entering  the  right 
auricle. 

During  the  period  from  the  seventh  day  onwarda 
the  apex  of  the  heart  becomes  more  marked,  the  arte- 
rift]  roots  arm  mnrfi  flntiralv  8er»wated  and  the  varintui 
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matic  fflde  of  the  body  cavity,  dividing  the  body  cavity 
for  a  short  distance  in  this  region  into  a  dorsal  section, 
(formed  of  a  right  and  a  left  division)  constituting  the 
true  body  cavity  (Fig.  86  B,  p.p),  and  a  ventral  section 
(Fig.  86,  B,  p.c.),  the  pericardial  cavity.  The  two  parts 
of  the  body  cavity  thus  formed  are  at  first  in  free  com- 
munication both  in  &ont  of  and  behind  this  septum.    The 


Tbanstersg    Sections    throdqh    a    Chick    Eubbio   with 

TWENIV.OKE  MeBOBLABTIO  SoUTTEa  TO  SHE^  THE  FORMA- 
TION OF  THE  PeBICABDIAL  CatTTT,  a,  BBdO  THE  ANTE- 
RIOR SEcnoN. 
pp.  bodj  cavitj'.  pa.  pericardial  cavitj.  of.  alimentary  cavity. 
au,  auricle,  v.  ventricle,  tv.  smua  venosus.  dc  duotiu 
Cuvieri.    ao.  aorta,    mp.  muscle-plate,    me.  medullary  cord. 
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septum  however  is  soon  continued  forwards  80  aa  com- 
pletely to  separate  the  ventral  pericardial  aud  the 
dorsal  body  cavity  in  front,  the  pericardial  cavity  ex- 
teuding  considerably  further  forwards  than  the  body 

cavity. 

Fio.  87. 
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mesentery  (Fig.  86,  B).  Posteriorly  the  horizontal  sep- 
tum grows  in  a  slightly  ventral  direction  along  the 
under  surface  of  the  liver  (Fig.  87),  till  it  meets  the 
abdominal  wall  of  the  body  at  the  insertion  of  the 
fisdciform  ligament,  and  thus  completely  shuts  off  the 
pericardial  cavity  from  the  body  cavity.  The  horizontal 
septum  forms,  as  is  obvious  from  the  above  description, 
the  dorsal  wall  of  the  pericardial  cavity. 

After  the  completion  of  this  separation  the  right 
and  left  sections  of  the  body  cavity,  dorsal  to  the  peri- 
cardial cavity,  rapidly  become  larger  and  receive  the 
lungs  which  soon  sprout  out  from  the  throat. 

The  diverticula  which  form  the  lungs  grow  out  into 
splanchnic  mesoblast,  in  front  of  the  body  cavity,  but 
as  they  grow  they  extend  into  the  two  anterior  com- 
partments of  the  body  cavity,  each  attached  by  its 
mesentery  to  the  mesentery  of  the  gut  (Fig.  87,  Ig.). 
They  soon  moreover  extend  beyond  the  posterior  limit  of 
the  pericardium  into  the  undivided  body  cavity  behind. 

To  understand  the  further  changes  in  the  peri- 
cardial cavity  it  is  necessary  to  bear  in  mind  its  rela- 
tions to  the  adjoining  parts.  It  lies  at  this  period 
completely  ventral  to  the  two  anterior  prolongations  of 
the  body  cavity  containing  the  lungs.  Its  dorsal  wall  is 
attached  to  the  gut,  and  is  continuous  with  the  me- 
sentery of  the  gut  passing  to  the  dorsal  abdominal  wall, 
forming  the  posterior  mediastinum  of  human  anatomy. 

The  changes  which  next  ensue  consist  essentially  in 
the  enlargement  of  the  sections  of  the  body  cavity 
dorsal  to  the  pericardial  cavity.  This  enlargement 
takes  place  partly  by  the  elongation  of  the  posterior 
mediastinum,  but  still  more  by  the  two  di^nsions  of  the 


2GS  THE  FIFTH   DAT.  [CHAP. 

body  cavity  which  contain  the  lungs  extending  them- 
selves ventrally  round  the  outride  of  the  pericardial 
cavity.     This  process  is  illustrated  by  Fig.  88,  taken 
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to  the  body  wall,  which  forms  the  anterior  mediastinum 
of  human  anatomy. 

By  these  changes  the  pericardial  cavity  is  converted 
into  a  closed  bag,  completely  surrounded  at  its  sides  by 
the  two  lateral  halves  of  the  body  cavity,  which  were 
primitively  placed  dorsally  to  it.  These  two  sections  of 
the  body  cavity,  which  in  the  chick  remain  in  free 
communication  with  the  undivided  peritoneal  cayity 
behind,  may,  from  the  fact  of  their  containing  the 
lungs,  be  called  the  pleural  cavities. 

Histological  differentiation.  The  fifth  day  may  also 
be  taken  as  marking  the  epoch  at  which  histological 
differentiation  first  becomes  distinctly  established  and 
begins  to  make  great  progress. 

It  is  of  course  true  that  long  before  this  date,  even 
from  the  earliest  hours,  the  cells  in  each  of  the  three 
fundamental  layers  have  ceased  to  be  everywhere  alike. 
Nevertheless  the  changes  undergone  by  the  several  cells 
have  been  few  and  slight.  The  cells  of  epiblastic  origin, 
both  those  going  to  form  the  epidermis  and  those  in- 
cluded in  the  neural  involution,  are  up  to  this  time 
simple  more  or  less  columnar  cells ;  they  may  be  seen 
here  elongated,  there  oval,  and  in  another  spot  spheroi- 
dal ;  here  closely  packed,  with  scanty  protoplasm,  there 
scattered,  with  each  nucleus  well  surrounded  by  cell- 
substance  ;  but  wherever  they  are  found  they  may  still 
be  recognized  as  cells  of  a  distinctly  epithelial  character. 
So  also  with  the  cells  of  hypoblastic  origin,  whether 
simply  lining  the  alimentary  canal  or  taking  part  in  the 
formation  of  the  compound  glands.  Even  in  the  meso- 
blast,  which  undergoes  far  more  changes  than  either  of 
the  other  layers,  not  only  increasing  more  rapidly  in 
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bulk  but  also  serviiig  as  the  mother  tissue  for  a  &r 
■,1-cater  number  of  organs,  the  alterations  in  the  indi- 
vidual cells'  are,  till  near  upon  the  fifth  day,  inaignifi- 
cant.  Up  to  this  time  the  mesoblast  may  be  spoken  of 
as  consisting  for  the  most  part  of  little  more  than  in- 
dlfftTfut  tissue : — of  nuclei  imbedded  in  a  protoplasmic 
cell-substance.  In  one  spot  the  nuclei  are  closely 
packed  together,  and  the  cell-subatance  scanty  and 
compact ;  at  another  the  nuclei  are  scattered  about 
^vith  spindle-shaped  masses  of  protoplasm  attached  to 
each,  and  there  is  a  lai^e  development  either  of  inter- 
cellular spaces  or  of  intracellular  vacuoles  filled  with 
clear  fluid.  The  protoplasm  differs  in  Tarions  places, 
chiefly  in  being  more  or  less  granular,  and  less  or  more 
transparent,  having  as  yet  undergone  but  slight  chemi- 
cal transformation.  Up  to  this  epoch  (with  the  ezcep- 
liffuretitiated  blood  and  muscles  of  the 
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incidentally  to  many  of  the  earliest  histological  events, 
and  shall  content  ourselves  by  giving  a  brief  summary 
of  the  derivation  of  the  tissues  of  the  adult  animal  from 
the  three  primary  layers  of  the  blastoderm. 

The  epiblast  or  upper  layer  of  many  embryologists 
forms  primarily  two  very  important  parts  of  the  body, 
viz.  the  central  nervous  system  and  the  epidermis. 

It  is  from  the  involuted  epiblast  of  the  neural  tube 
that  the  whole  of  the  grey  and  white  matter  of  the 
brain  and  spinal  cord  appears  to  be  developed,  the 
simple  columnar  cells  of  the  epiblast  being  apparently 
directly  transformed  into  the  characteristic  multipolar 
nerve-cells.  The  whole  of  the  sympathetic*  nervous 
system  and  the  peripheral  nervous  elements  of  the 
body,  including  both  the  spinal  and  cranial  nerves  and 
ganglia,  are  epiblastic  in  origin. 

The  epithelium  (ciliated  in  the  young  animal)  lining 
the  canalis  centralis  of  the  spinal  cord,  together  with 
that  lining  the  ventricles  of  the  brain,  all  which  cavities 
and  canals  are,  as  we  have  seen,  derivatives  of  the 
primary  neural  canal,  is  the  undifferentiated  remnant  of 
the  primitive  epiblast. 

The  epiblast,  as  we  have  said,  also  forms  the  epider- 
mis, not  however  the  dermis,  which  is  of  mesoblastic 
origin.  The  line  of  junction  between  the  epiblast  and 
the  mesoblast  coincides  with  that  between  the  epidermis 

^  The  details  of  the  development  of  the  sympathetio  system  have 
only  been  imperfectly  worked  oat  in  the  ohick.  We  propose  deferring 
our  account  of  what  is  known  on  this  head  to  the  second  part  of  this 
work  dealing  with  the  Mammalia.  We  may  here  state,  however,  that  the 
whole  of  the  chain  of  the  sympathetic  ganglia  is  developed  in  con- 
tinuity with  the  outgrowths  from  the  wall  of  the  neural  tube  which 
give  rise  to  the  spinal  nerves. 
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and  the  dermis.     From  the  epiblast  are  formed  all  Buch 
tegumentary  organs  or  parts  of  organs  as  are  epidermic 

111  addition  to  these,  the  epiblast  plays  an  important 
part  in  the  forma,tion  of  the  oi^ans  of  special  sense. 

According  to  their  mode  of  formation  these  organs 
may  he  arranged  into  two  divisions.  In  the  first  come 
the  cases  where  the  sensory  expansion  of  the  oi-gan  of 
special  sense  is  derived  from  the  involuted  epiblast  of 
the  medullary  canal.  To  this  class  belongs  the  retina, 
including  the  epithelial  pigment  of  the  choroid,  which 
is  formed  from  the  original  optic  vesicle  budded  out 
from  the  fore-brain. 

To  the  second  class  belong  the  epithelial  expansions 
of  the  membranous  labyrinth  of  the  ear  and  the  cavity 
of  the  nose,  which  are  formed  by  involution  from  the 
superficial  epiblast  covering  the  external  surface  of  the 
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stituting  the  parenchyma  of  the  liver,  developed,  as  we 
have  seen,  from  the  hypoblast  cyKnders  given  off  around 
the  primary  hepatic  diverticula. 

Homologous^  probably  with  the  hepatic  cells,  and 
equally  of  hypoblastic  origin,  are  the  more  spheroidal 
*  secreting  cells '  of  the  pancreas  and  other  glands.  The 
epithelium  of  the  salivary  glands,  though  these  so  exactly 
resemble  the  pancreas,  is  of  epiblastic  origin,  inasmuch 
as  the  cavity  of  the  mouth  (p.  119)  is  entirely  lined  by 
epiblast. 

The  hypoblast  lines  the  allantois,  and  the  notochord 
also  is  an  hypoblastic  product. 

From  the  mesoblast  are  formed  all  the  remaining 
parts  of  the  body.  The  muscles,  the  bones,  the  connec- 
tive tissue  and  the  vessels,  both  arteries,  veins,  capillaries 
and  lymphatics,  with  their  appropriate  epithelium,  are 
entirely  formed  from  the  mesoblast. 

The  generative  and  urinary  organs  are  also  de- 
rived from  the  mesoblast.  It  is  worthy  of  notice  that 
their  epithelium,  though  resembling  the  hypoblastic 
epithelium  of  the  alimentary  canal,  is  undoubtedly 
mesoblastic. 

From  the  mesoblast  lastly  are  derived  all  the  mus- 
cular, connective  and  vascular  elements,  as  well  of  the 
alimentary  canal  and  its  appendages  as  of  the  skin  and 
the  tegumentary  organs.  Just  as  it  is  only  the  epider- 
mic moiety  of  the  latter  which  is  derived  from  the 
epiblast,  so  it  is  only  the  epithelium  of  the  former 
which  comes  from  the  hypoblast. 

The  important  events  then  which  characterize  the 
fifth  day  are  : — 

1.    The  growth  of  the  allantois. 

F.  &  B.  1% 
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2.  Tho  appearance  of  the  knee  and  elbow,  and  of 
tbe  cartilages  which  precede  tho  bones  of  the  digits  and 
limbs. 

3.  The  formation  of  the  primitive  cartilaginous 
cranium,  more  especially  of  the  investing  mass  and  thu 
trabccuhr,  and  the  appearance  of  rods  of  cartilage  in 
the  visceral  arches. 

4.  The  developments  of  the  parts  of  the  face :  the 
closing  in  of  the  nasal  passages  by  tho  nasal  processes, 

5.  A  large  development  of  grey  matter  in  the 
spinal  cord  as  the  anterior  and  posterior  comua;  con- 
siderablo  growth  both  of  the  anterior  and  posterior 
white  columns,  and  the  commencement  of  the  aotsrior 
and  posterior  fissures. 

6.  The  appearance  of  the  auricular  septum,  of  a 
septum  in  the  bulbus  arteriosus,  and  of  the  semilunar 
valves. 


CHAPTER  IX. 

FROM  THE  SIXTH  DAY  TO  THE  END  OF  INCUBATION. 

The  sixth  day  maxks  a  new  epoch  In  the  develop- 
ment of  the  chick,  for  distinctly  avian  characters  then 
first  make  their  appearance. 

Striking  and  numerous  as  are  the  features,  which 
render  the  class  Aves  one  of  the  most  easily  recognizable 
in  the  whole  animal  kingdom,  the  embryo  of  a  bird  does 
not  materially  differ  in  its  early  phases  from  that  of  a 
reptile  or  a  mammal,  even  in  the  points  of  structure 
which  are  most  distinctively  avian.  It  may,  it  is  true, 
be  possible  to  infer,  even  at  a  comparatively  early  stage, 
from  some  subsidiary  tokens,  whether  any  given  em- 
bryo belongs  to  this  class  or  that  (and  indeed  the  same 
inference  may  be  drawn  from  the  ovum  itself) ;  but  up 
to  a  certain  date  it  is  impossible  to  point  out,  in  the 
embryo  of  the  fowl,  the  presence  of  features  which  may 
be  taken  as  broadly  characteristic  of  an  avian  organiza- 
tion. This  absence  of  any  distinctive  avian  differen- 
tiation lasts  in  the  chick  roughly  speaking  till  the  com- 
mencement of  the  sixth  day. 

18— a 
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Wc  do  not  meciD  that  oq  the  sbith  day  all  the  organs 
suddenly  commenco  to  exhibit  peculiarities  which  mark 
them  as  avian.  There  are  no  strongly  marked  breaks 
iu  the  history  of  development;  its  course  is  perfectly 
gradual,  and  one  stage  passes  continuously  into  tlio 
next.  The  sixth  and  seventh  days  do  however  mark 
the  commencement  of  the  period  in  which  the  spe- 
cialization of  the  bird  begins  to  be  apparent.  Then  for 
the  first  time  there  become  visible  the  main  features 
of  the  characteristic  manus  and  pes;  the  crop  and  the 
intestinal  caeca  make  their  appearance;  the  stomach 
takes  on  the  form  of  a  gizzard ;  the  nose  begins  to  dc- 
velopc  into  a  beak ;  and  the  commencing  bones  of  the 
skull  arrange  themselves  after  an  avian  type.  Intn 
these  details  wo  do  not  propose  to  enter,  and  shall 
therefore  treat  the  history  of  the  remaining  days  with 
creat  brevity. 
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By  the  seventh  day  very  obvious  movements  begin  to 
appear  in  the  amnion  itself;  slow  vermicular  con- 
tractions creep  rythmically  over  it.  The  amnion  in 
fact  begins  to  pulsate  slowly  and  rythmically,  and  by 
its  pulsation  the  embryo  is  rocked  to  and  fro  in  the 
egg.  This  pulsation  is  due  probably  to  the  contraction 
of  involuntary  muscular  fibres,  which  seem  to  be  present 
in  the  attenuated  portion  of  the  mesoblast,  forming 
part  of  the  amniotic  fold.  (Of.  Chap.  il.  p.  45.)  Similar 
movements  are  also  seen  in  the  allantois  at  a  con- 
siderably later  period. 

The  growth  of  the  allantois  has  been  very  rapid, 
and  it  forms  a  flattened  bag,  covering  the  right  side  of 
the  embryo  and  rapidly  spreading  out  in  all  directions, 
between  the  primitive  folds  of  the  amnion,  that  is  be- 
tween the  amnion  proper  and  the  false  amnion  (serous 
membrane).  It  is  fiUed  with  fluid,  so  that  in  spite  of 
its  flattened  form  its  opposite  walls  are  distinctly  sepa- 
rated from  each  other. 

The  vascular  area  has  become  still  further  extended 
than  on  the  previous  day,  but  with  a  corresponding  loss 
in  the  definite  character  of  its  blood-vessels.  The  sinus 
terminalis  has  indeed  by  the  end  of  the  seventh  day 
lost  all  its  previous  distinctness,  and  the  vessels  which 
brought  back  the  blood  from  it  to  the  heart  are  no 
longer  to  be  seen. 

Both  the  vitelline  arteries  and  veins  now  pass  to 
and  fix)m  the  body  of  the  chick  as  single  trunks,  as- 
suming more  and  more  the  appearance  of  being  merely 
branches  of  the  mesenteric  vessels. 

The  yolk  is  still  more  fluid  than  on  the  previous 
day,  and  its  bulk  has  (according  to  Von  Baer)  increased. 
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This  can  only  be  due  to  its  absorbing  the  white  of  the 
egg,  which  indeed  ia  diminishing  rapidly. 

Daring-  the  eighth,  ninth^  and  tentli  days  the 
nninioii  does  not  undergo  any  very  important  changes. 
Its  cavity  is  still  filled  with  fluid,  and  on  the  e^btb 
diiy  it3  pulsations  are  at  their  height,  henceforward 
iliininisliiDg  in  intensity. 

The  splitting  of  the  mesoblast  has  now  extended  to 
the  outer  limit  of  the  vascular  area,  viz.  over  about 
three  quarters  of  the  yolk-sac.  The  somatopleure  at 
this  paint  ia  continuous  (as  can  be  easily  seen  by 
rci'cruTiie  to  Fig.  9)  with  the  original  outer  fold  of 
the  amnion. 

It  thus  conies  about  that  the  further  splitting  of  the 
mosoblast  merely  enlarges  the  cavity  in  which  the 
allautois  lies.  The  growth  of  this  organ  keeps  pace 
iif  ihe  cavity  in  ivlilch  it  ia  placed.     Spread 
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still  much  looser  and  less  firm  than  the  walls  of  the 
chest  may  be  said  to  be  definitely  established,  and  the 
loops  of  intestine,  which  have  hitherto  been  hanging 
down  into  the  somatic  stalk,  are  henceforward  confined 
within  the  cavity  of  the  abdomen.  The  body  of  the 
embryo  is  therefore  completed;  but  it  still  remains 
connected  with  its  various  appendages  by  a  narrow 
somatic  umbilicus,  in  which  run  the  stalk  of  the  allan- 
tois  and  the  solid  cord  suspending  the  yolk-sac. 

The  cleavage  of  the  mesoblast  still  progressing,  the 
yolk  is  completely  invested  by  the  (splanchnopleuric) 
yolk-sac  except  at  the  pole  opposite  to  the  embiyo, 
where  for  some  little  time  a  small  portion  remains 
imenclosed ;  at  this  spot  the  diminished  white  of  the 
egg  adheres  as  a  dense  viscid  plug. 

The  allantois  meanwhile  spreads  out  rapidly,  and 
lies  over  the  embryo  close  under  the  shell,  being  sepa- 
rated &om  the  shell  membrane  by  nothing  more  than 
an  attenuated  membrane,  the  serous  membrane,  formed 
out  of  the  outer  primitive  fold  of  the  amnion  and  the 
remains  of  the  vitelline  membrane.  With  this  serous 
membrane  the  allantois  partially  coalesces,  and  in 
opening  an  egg  at  the  later  stages  of  incubation,  unless 
care  be  taken  the  allantois  is  in  danger  of  being  torn 
in  the  removal  of  the  shell  membrane.  As  the  allantois 
increases  in  size  and  importance,  the  allantoic  vessels 
are  correspondingly  developed.  They  are  very  con- 
spicuous when  the  egg  is  opened,  the  pulsations  of  the 
allantoic  arteries  at  once  attracting  attention. 

.   On  about  fhe  sixteenth  day,  the  white  having 

entirely  disappeared,  the  cleavage  of  the  mesoblast  is 
carried  right  over  the  pole  of  the  yolk  opposite  the 
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cmbiyo,  and  is  thus  completed  (Fig.  9).  The  yolk-sac 
now,  like  the  allantois  which  closely  wraps  it  all  round, 
lies  lucisu  in  a  space  bounded  outside  the  body  by  the 
surous  membrane,  and  continuous  with  the  pleuro- 
|)i;ritoouul  cavity  of  the  body  of  the  embryo.  Beposite 
of  uriitt's  now  become  abundant  in  the  allantoic  fiuid. 

The  ioose  and  flaccid  walls  of  the  abdomen  enclose 
a  space  which  the  empty  intestines  are  far  from  filling, 
and  ou  the  nineteenth  day  the  yolk-sac,  diminished 
greatly  in  bulk  but  still  of  some  considerable  size,  is 
witliilmwn  through  the  somatic  stalk  into  the  ab- 
dominal tavity,  which  it  largely  distends.  Outside  the 
embryo  there  remains  nothing  now  but  the  highly 
vascuhir  allantois  and  the  practically  bloodless  serous 
iiieuibruue  and  amnion.  The  amnion,  whose  fluid  during 
the  later  days  of  incubation  rapidly  diminishes,  is  con- 
tinuous at  the  umbihcus  with  the  body-walls  of  the 
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Up  to  this  period  the  walls  of  the  somatic  dtalk 
liave  remained  thin  and  flaccid,  ahnost  membranous  in 
fact,  the  heart  appearing  to  hang  loosely  out  of  the 
body  of  the  embryo.  About  this  time  however  the 
stalk,  especially  in  front,  rapidly  narrows  and  its  meso- 
blast  becomes  thickened.  In  this  way  the  heart  and 
the  other  thoracic  viscera  are  enclosed  by  definite  firm 
chest  walls,  along  the  sides  of  which  the  ribs  grow 
forwards  and  in  front  of  which  the  cartilaginous  rudi- 
ments of  the  sternum  appear. 

The  abdominal  walls  are  also  being  formed^  but  not 
to  the  same  extent,  and  the  stalk  of  the  allantois  still 
passes  out  from  the  peritoneal  cavity  between  the 
somatic  and  the  splanchnic  stalks. 

In  the  brain  one  of  the  most  marked  features  is  the 
growth  of  the  cerebral  hemispheres.  The  median  division 
between  these  has  in  front  increased  in  depth,  so  that 
the  lateral  ventricles  are  continued  forwards  as  two 
divergent  horns,  while  backwards  they  are  also  con- 
tinued as  similar  divergent  horns  separated  from  one 
another  by  the  vesicle  of  the  third  ventricle. 

We  propose  to  treat  more  fully  of  the  development  of  the 
brain  in  the  second  x>art  of  this  work,  the  importance  of  the 
mammalian  brain  rendering  it  undesirable  to  go  too  much  into 
the  details  of  the  brain  of  the  bird. 

All  the  visceral  clefts  are  closed  by  the  seventh  day. 
It  will  be  remembered  that  the  inner  part  of  the  first 
cleft  persists  as  the  Eustachian  tube  (p.  166). 

The  structures  which  surround  the  mouth  are  be- 
ginning to  become  avian  in  form,  though  the  features 
are  as  yet  not  very  distinctly  marked 
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Tlic  tongue  bas  appeared  on  the  floor  of  the  mouth 
as  a  bull  of  mcsoblast  covered  by  epiblast 

During  the  eightli,  ninth,  imd  traith  days  the 
embryo  grows  very  rapidly,  the  head  being  still  especially 
largo,  and  at  the  same  time  becoming  more  round,  the 
mid-brain  not  being  so  prominent. 

From  the  eleventh  day  onwards  the  embryo  suc- 
cessively puts  CD  characters  ■which  are  not  only 
avian,  but  even  distinctive  of  the  genus,  species  and 
\aricty. 

So  early  as  the  ninth  or  tenth  day  the  sacs  con- 
taining the  feathers  begin  to  protrude  from  the  surface 
of  the  skin  as  papiilie,  especially  prominent  at  first  along 
the  middle  line  of  the  back  from  the  neck  to  the  rump, 
and  o\'er  the  thighs,  the  sacs  of  the  tail  feathers  being 
very  conspicuous.  On  the  thirteenth  day  these  sacs, 
ily  distributed  over  the  body,  and  acquiring  tjiu 
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toes.     These  on  the  sixteenth  day  become  harder  and 
more  homy,  as  does  also  the  beak. 

Kails  are  developed  on  special  regions  of  the  epidermis, 
known  as  the  primitive  nail  beds.  They  are  formed  by  the 
comification  of  a  layer  of  cells  which  makes  its  appearance 
between  the  homy  and  mucous  layers  of  the  epidermis.  The 
distal  border  of  the  nail  soon  becomes  free,  and  the  further 
growth  is  effected  by  additions  to  the  under  side  and  attached 
extremity  of  the  naiL 

By  the  thirteenth  day  the  cartilaginous  skeleton  is 
completed  and  the  various  muscles  of  the  body  can  be 
made  out  with  tolerable  clearness. 

Ossification  begins  according  to  Von  Baer  on  the 
eighth  or  ninth  day  by  small  deposits  in  the  tibia,  in 
the  metacarpal  bones  of  the  hind-limb,  and  in  the  sca- 
pula. On  the  eleventh  or  twelfth  day  a  multitude  of 
points  of  ossification  make  their  appearance  in  the 
limbs,  in  the  scapular  and  pelvic  arches,  in  the  ribs,  in 
the  bodies  of  the  cervical  and  dorsal  vertebrae  and  in 
the  bones  of  the  head,  the  centres  of  ossification  of  the 
vertebral  arches  not  being  found  till  the  thirteenth  day. 

The  events  which  we  have  thus  briefly  narrated  are 

accompanied  by  important  changes  in  the  arterial 
and  venous  systems. 

The  condition  of  the  venous  system  at  about  the 
end  of  the  third  day  was  fully  described  in  Chap.  VI. 
p.  170,  and  the  changes  which  have  taken  place  between 
that  date  and  the  latter  days  of  incubation  may  be  seen 
by  comparing  the  diagram  Fig.  58  with  the  diagrams 
Figs.  89  and  90. 

On  the  third  day,  nearly  the  whole  of  the  venous 
blood  from  the  body  of  the  embryo  was  carried  back  to 
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the  heart  by  two  main  venous  trunks,  the  superior  (Fig. 
i;S,  J)  and  inferior  (Fig.  5S,  C)  cardinal  veins,  joining 
on  each  side  to  form  the  short  transverse  ductus  Cuvieri, 
both  which  in  turn  united  with  the  sinus  venosiis  close 
to  thtt  Iibart.  As  the  head  and  neck  continue  to  enWge 
aud  the  wings  become  developed,  the  single  superior 
cardinal  or  jugular  vein,  as  it  is  usually  called  (Figs.  89, 
00,  /),  of  each  side,  is  joiiked  by  two  new  veins:  the 
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with  those  organs,  and  may  be  called  the  veins  of  the 
WolflBan  bodies.  On  the  third  day  they  are  the  only 
veins  which  bring  the  blood  back  from  the  hinder  part 
of  the  body  of  the  embryo. 

About  the  fourth  or  fifth  day,  however,  a  new  single 
venous  trunk,  the  vena  cava  inferior  (Fig.  89,  V.CL), 
makes  its  appearance  in  the  middle  line,  in  a  plane  more 
dorsal  than  that  of  the  cardinal  veins.  This,  starting 
from  the  sinus  venosus  not  far  from  the  heart,  is  on  the 
fifth  day  a  short  trunk  running  backward  in  the  middle 
line  below  the  aorta,  and  speedily  losing  itself  in  the 
tissues  above  the  WolflSan  bodies.  When  the  kidneys 
are  formed  it  receives  blood  from  them,  and  thencefor- 
ward enlarging  rapidly  eventually  becomes  the  channel 
by  which  the  greater  part  of  the  blood  from  the  hind  limbs 
and  the  hinder  part  of  the  body  finds  its  way  to  the  heart. 
In  proportion  as  this  vena  cava  inferior  increases  in  size, 
and  the  WolflSan  bodies  give  place  to  the  permanent 
kidneys,  the  posterior  cardinal  veins  diminish.  The 
blood  originally  coming  to  the  posterior  cardinals  from 
the  posterior  part  of  the  spinal  cord  and  trunk  is  trans- 
ported into  two  posterior  vertebral  veins;  which  are 
placed  dorsal  to  the  heads  of  the  ribs  and  join  the 
anterior  vertebral  veins.  With  the  appearance  of  these 
veins  the  anterior  part  of  the  posterior  cardinals  dis- 
appears. 

At  its  first  appearance  the  vena  cava  inferior  may 
be  considered  as  a  branch  of  the  trunk  which  we  have 
called  the  sinus  venosus,  but  as  development  proceeds, 
and  the  vena  cava  becomes  larger  and  larger,  the  sinus 
venosus  assumes  more  and  more  the  appearance  of  being 
merely  the  cardiac  termination  of  the  vena  cava>  and 
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the  ductus  v^nosus  from  the  liver  may  now  be  swd  to  join 
the  veua  cava  instead  of  being  prolonged  into  the  sinua. 
While  this  growth  of  the  vena  cava  is  going  on,  the 
points  at  which  the  ductus  Cuvieri  enter  into  the  einua 
venosus  are  drawn  in  towards  the  heart  itself,  and  finally 
these  trunks  fall  directly  and  separately  into  the  auricular 
cavities,  and  are  henceforward  known  as  the  right  and 
left  vena  cava  superior  (Fig.  90,  V.S.B.,  V.S.L.).    There 
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axe  therefore,  when  these  changes  have  been  effected, 
three  separate  channels,  with  their  respective  orifices, 
by  which  the  blood  of  the  body  is  brought  back  to  the 
heart,  viz.  the  right  and  left  superior  and  the  inferior 
vensB  cavse. 

While  the  auricular  septum  is  as  yet  unformed,  the 
blood  from  these  veins  falls  into  both  auricles,  perhaps 
more  into  the  left  than  into  the  right.  As  the  septum 
however  grows  up,  the  three  vessels  become  connected 
with  the  right  auricle  only  while  the  left  receives  the 
two  pulmonary  veins  coming  from  the  lungs.  (Compare 
Chap.  VII.  p.  228). 

On  the  third  day  the  course  of  the  vessels  from  the 
yolk-sac  is  very  simple.  The  two  vitelline  veins,  of 
which  the  right  is  akeady  the  smaller,  form  the  meatus 
venosus  from  which,  as  it  passes  through  the  liver  on  its 
way  to  the  heart,  are  given  off  the  two  sets  of  venae 
advehentes  and  venae  revehentes. 

With  the  appearance  of  the  allantois  on  the  fourth 
day,  a  new  feature  is  introduced.  From  the  meatus 
venosus,  a  short  distance  behind  the  liver,  there  is  given 
off  a  vein  which  quickly  divides  into  two  branches. 
These,  mnning  along  the  ventral  side  of  the  body  from 
the  walls  of  which  they  receive  some  amount  of  blood, 
pass  to  the  allantois.  They  are  the  allantoic  or  um- 
bilical veins.  The  single  vein  which  they  unite  to  form 
becomes,  by  reason  of  the  rapid  growth  of  the  allantois, 
very  long ;  and  hence  it  is  perhaps  better  to  speak  of  it 
as  the  allantoic  vein  (Fig.  90,  Z7).  The  right  branch 
soon  diminishes  in  size  and  finally  disappears.  Mean- 
while the  left  on  reaching  the  allantois  bifurcates ;  and, 
its  two  branches  becoming  large  and  conspicuous,  there 
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still  appear  to  be  two  main  allantoic  veins  uniting  at  a 
short  distance  from  the  allautois  to  form  the  single  long 
Eillantoic  vein.  At  its  first  appearance  the  allantoic 
vein  Sfema  to  be  but  a  small  branch  of  the  viteliine. 
but  as  the  allantois  grows  rapidly,  and  the  yolk-sac 
dwindles,  this  state  of  things  is  reversed,  and  the  less 
conspicuous  vitelline  appears  as  a  branch  of  the  larger 
allantoic. 

On  the  third  day  the  blood  returning  from  the  walls 
of  the  intestine  is  insignificant  in  amount.  As  however 
the  intestine  becomes  more  and  more  developed,  it. 
acquires  a  distinct  venous  system,  and  the  blood  sent  to 
it  by  briinches  of  the  aorta  is  returned  by  veins  which 
form  a  trunk,  the  Ttiesenteric  vein  (Fig.  90,  jlf),  falling 
into  tlie  vitelline  vein  at  its  junction  with  the  allantoic 
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ductus  venosus  making  a  separate  junction  rather  higher 
up  (Fig.  90). 

This  state  of  things  continues  with  but  slight  changes 
till  near  the  end  of  incubation,  when  the  chick  begins 
to  breathe  the  air  in  the  air-chamber  of  the  shell,  and 
respiration  is  no  longer  carried  on  by  the  allantois. 
Blood  then  ceases  to  flow  along  the  allantoic  vessels; 
they  become  obliterated.  The  vitelline  vein,  which  as 
the  yolk  becomes  gradually  absorbed  proportionately 
diminishes  in  size  and  importance^  comes  to  appear  as 
a  mere  branch  of  the  portal  vein.  The  ductus  venosus 
becomes  closed,  remaining  often  as  a  mere  ligament; 
and  hence  the  whole  of  the  blood  coming  through  the 
portal  vein  flows  into  the  substance  of  the  liver,  and 
so  by  the  two  hepatic  veins  into  the  vena  cava  (Fig. 
91,  HP). 

Previous  to  these  changes  one  of  the  veins  passing 
from  the  rectum  into  the  vena  cava  has  given  off  a 
branch  which  effects  a  junction  with  one  of  the  mesen- 
teric veins.  This  now  forms  a  somewhat  conspicuous 
connecting  branch  between  the  systems  of  the  vena 
cava  and  the  portal  vein  (Fig.  91,  Cy,  M.). 

All  three  venae  cavse  now  fall  exclusively  into  the 
right  auricle,  and  by  the  closure  of  the  foramen  ovale 
the  blood  flowing  through  them  is  entirely  shut  off  from 
the  left  auricle,  into  which  passes  the  blood  from  the 
two  pulmonary  veins  (Fig.  91,  L.  F.). 

Such  is  the  history  of  the  veins  in  the  chick.  As 
will  be  seen  in  the  second  part  of  this  work,  the  course 
of  events  in  the  mammal,  though  in  the  main  similar, 
differs  in  some  unimportant  respects. 

It  remains  for  us  to  speak  of  the  changes  which 
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State  of  Arterial  CntcuLATiON  ok  the  Fifth  or  Sixth 

Day. 

E.C.A.  eziemal  carotid.    LC.A,  internal  carotid.    D,A,  dorsal 
aorta.     Of. A,  vitelline  artery.     U,A.  allantoic  artery. 

We  have  already  seen  (Chap.  vii.  p.  225)  that  of 
the  three  aortic  arches  which  make  their  appearance  on 
the  third  day,  the  first  two  disappear :  the  first  on  the 
fourth,  the  second  on  the  fifth  day ;  but  that  their  dis- 
appearance is  accompanied  by  the  formation  behind 
them  of  two  new  aortic  arches,  the  fourth  and  the  fifth. 
Thus  there  are  generally  three,  never  more  than  three, 
pairs  of  aortic  arches  present  and  functional  at  one  time. 

This  statement  needs  some  limitation ;  for  according  to  Yon 
Baer  there  are  four  arches  present  both  on  the  fourth  and 
fifth  days.  In  the  case  of  the  fourth  day  a  slight  remnant  of  the 
first  pair  of  arches  still  persists  when  the  fourth  pair  is  already 
formed ;  and  on  the  fifth  day  the  second  pair  has  not  entirely 
disappeared  when  the  fifth  pair  is  formed.  In  both  of  these 
cases  however  the  first  pair  of  arches  of  the  four  is  only  present 
for  a  very  short  time,  and  then  is  so  diminished  in  size  as  to  be 
of  no  importance. 

19—^ 
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The  first  pair  of  arches,  before  it  entirely  disappears, 
sends  off  on  each  side  two  bi'anches  towards  the  head. 
Of  these,  one  forms  the  direct  continuation  of  the  bulbus 
arteriosus  in  a  straight  line  from  the  point  where  the 
first  aortic  arch  leaves  it;  primarilj  distributed  to  the 
tongue  iind  inferior  maxillary  rugion,  it  becomes  the 
external  carotid  (Fig,  92,  E.C.A.).  The  other,  starting 
from  the  point  where  the  aortic  arch  of  each  side  joins 
its  fellow,  dorsal  to  the  alimentary  canal,  to  form  the 
dorsal  aorta,  is  primarily  distributtid  to  the  brain,  and 
becomes  the  internal  carotid  (Fig,  92,  I.G.A.), 

When  the  first  arch  disappears,  the  external  carotid 
arteries  still  remain  as  the  anterior  continuations  of  the 
bulbus  arteriosus.  And  since  the  dorsal  trunks  uniting 
the  distal  ends  of  the  first  and  second  arches  do  not 
become  obliterated  at  the  time  when  the  first  pair  of 
the    internal    carotids    remain    as 
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that  less  and  less  of  the  blood  which  flows  along  the 
third  pair  of  arches  is  able  to  pass  backwards  to  the 
hind  end  of  the  body. 

The  fourth  arch  of  the  right  side  now  becomes  the 
most  important  of  all  the  arches ;  and  nearly  the  whole 
of  the  blood  supplying  the  hinder  parts  of  the  body 
passes  through  it.  It  is  this  arch  which  remains  as 
the  permanent  aortic  arch  of  the  adult ;  and  it  is  im* 
portant  to  notice  that  the  arch  which  forms  the  great 
dorsal  aorta  in  birds  is  the  fourth  on  the  right  side,  and 
not  as  in  mammals  the  fourth  on  the  left  side.  The 
fourth  arch  of  the  left  side  in  birds,  after  giving  off  the 
subclavian,  is  continued  as  an  exceedingly  wnsH  and 
unimportant  vessel  to  join  the  fourth  right  arch.  It  is 
soon  obliterated. 

In  consequence  of  these  changes  the  condition  of 
the  aortic  arches  during  the  latter  days  of  incubation, 
before  respiration  by  the  lungs  has  commenced,  is  as 
follows  (Fig.  93). 

The  first  and  second  arches  are  completely  ob- 
literated. The  third  arch  on  each  side  is  continued  at 
its  dorsal  end  as  the  internal  carotid,  LC.A,  the  con* 
nection  between  it  and  the  fourth  arch  having  become 
entirely  obliterated.  From  its  ventral  end  as  the  direct 
continuation  of  the  trunk  which  originally  supplied  the 
first  and  second  arches  the  external  carotid,  E.G. A.,  is 
given  off.  Each  pair  of  carotids  arises  therefore  from  a 
common  trunk — the  common  carotid  (CCA.),  Each 
of  these  trunks  gives  off  near  its  proximal  end  a  branch, 
the  vertebral  artery  {V.a,). 

The  common  carotid  on  the  right  side  comes  off 
from  the  fourth  arch  of  the  right  side  (the  arch  of  the 
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dorsal  aorta),  and  is  not  as  yet  connected  with  the  right 
subclavian,  R.ec.  The  common  carotid  of  the  left  side 
comes  off  from  the  fourth  arch  of  the  left  side ;  but  ranco 
this  arcli  becomes  the  left  aubclavian,  i.gc.  (the  connec- 
tion between  the  fourth  and  fifth  left  arches  being 
obliterated),  the  portion  of  the  trunk  between  the  fourth 
arch  anil  the  bulbus  arteriosus  (or  as  it  must  now  be 
caJled  the  common  aortic  root)  is  called  the  left 
iauorainate  artery. 

The  "fourth  arch  of  the  right  side  forms  the  com- 
mencement of  the  great  dorsal  aorta,  and  gives  off  the 
right  subclavian  (R,sc.)  just  before  it  is  joined  by  the 
fifth  arch. 

The  fifth  arch  of  each  side  gives  off  branches  (,RJ^., 
L.P.)  to  the  lungs ;  their  distal  continuations,  by  which 
these  arches  are  connected  with  thesystemic  circulation, 
thoutrb  much  reduced,  are  not  obliterated. 
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'ductus  arteriosL^  The  one  on  the  right  side  is  short; 
that  on  the  left  side  is  much  longer  and  .narrower. 

When  respiration  commences  the  blood  ceases  to 
pass  through  these  canab,  which  either  remain  as  mere 
ligaments  or  else  become  absorbed  altogether.  By  this 
means,  the  foramen  ovale  becoming  at  the  same  time 
closed,  a  complete  double  circulation  is  established.  All 
the  blood  from  the  right  ventricle  passes  into  the  lungs, 
and  all  that  from  the  left  ventricle  into  the  body  at 
large.  « 

Two  other  changes  take  place  about  the  same  time 
in  the  aortic  branches.  That  portion  of  the  right  fourth 
or  aortic  arch  which  lies  between  the  origin  of  the  right 
subclavian  and  the  common  carotid  becomes  shortened, 
and  is  finally  swallowed  up  in  such  a  fashion  that  the 
right  subclavian  (Fig.  94,  22.  sc)  comes  oflF  firom  the 
right  common  carotid,  a  very  short  trunk  being  formed 
by  the  union  of  the  two  to  serve  as  the  right  innomi- 
nate artery. 

At  the  same  time,  corresponding  to  the  increase  in 
the  length  of  the  neck,  the  common  carotids  are  very 
greatly  lengthened  They  lie  close  together  in  the 
neck,  and  in  many  birds  actually  imite  to  form  a  com- 
mon trunk. 

It  will  of  course  be  understood  that  with  the  dis- 
appearance of  the  allantois  and  the  absorption  of  the 
yolk,  the  allantoic  and  vitelline  arteries  also  disappear. 

It  may  perhaps  be  of  advantage  to  the  reader  if  we 
here  briefly  summarize  the  condition  of  the  circulation 
at  its  four  most  important  epochs;  viz.  on  the  third 
day^  on  the  fifth  day,  during  the  later  days  of  incu- 
bation before  respiration  by  the  limgs  has  commenced. 
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The  heart  is  to  all  intents  and  purposes  a  simple 
twisted  tube  marked  off  by  constrictions  into  a  series  of 
three  consecutive  chambers.  The  blood  coming  from 
the  venous  radicles  passes  through  the  heart  and  then 
through  the  three  pairs  of  arterial  arches. 

From  these  it  is  collected  into  the  great  dorsal 
aorta.  Upon  this  dividing  into  two  branches,  the  stream 
of  blood  passes  down  on  each  side  of  the  notochord 
along  the  body,  and  thence  out  by  the  vitelline  arteries, 
which  distribute  it  to  the  yolk-sac. 

In  the  yolk-sac  it  partly  passes  into  the  sinus  termi- 
naUs  and  so  into  the  fore  and  afb  trunks,  partly  directly 
into  the  lateral  trunks,  of  the  vitelline  veins.  In  both 
cases  it  is  brought  back  to  the  two  venous  radicles  and 
so  to  the  heart. 

On  this  day  the  blood  is  aerated  in  the  capillaries  of 
the  yolk-sac. 

On  the  fifth  or  sixth  day  the  two  auricles  are 

present  though  having  a  common  cavity.  The  septum 
of  the  ventricles  is  nearly  complete,  so  that  the  blood 
on  entering  the  ventricles  from  the  auricles  is  divided 
into  two  streams.  These  two  streams  pass  respectively 
from  the  right  and  left  chambers  of  the  heart  into  the 
two  divisions  of  the  bulbus  arteriosus.  The  blood  from 
the  right  ventricle  passes  into  the  fifth  pair  of  arches 
and  that  from  the  left  ventricle  into  the  third  and 
fourth  pairs  of  arches. 

From  the  anterior  parts  the  blood  is  brought  back 
by  the  anterior  cardinal  or  jugular  veins;  from  the 
hinder  parts  of  the  body,  chiefly  by  the  cardinal  veins, 
but  also  in  part  by  the  now  commencing  vena  cava 
inferior. 
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The  blood  from  the  yolk-sac  and  allantois,  together 
vnth  a  small  quantity  from  the  intestine,  is  collected 
into  the  portal  vein,  and  by  that  vessel  carried  to  the 
liver.  Here  it  becomes  divided  into  two  streams,  part 
flowing  directly  by  the  ductus  venosus  into  the  sinus 
venosus,  and  the  remainder  passing  through  the  capil- 
laries of  the  liver,  being  brought  back  to  the  ductUB 
venosus  by  the  hepatic  veins. 

During  this  period  the  blood  is  aerated  both  by  the 
alhmtois  and  yolk-sac,  but  as  yet  chiefly  by  the  latter. 

At  a  Bomewhat  late  period  of  incubation  the 
blood  from  the  ventricles  passes  into  two  entirely  dis- 
tinct roots.  The  one  of  these,  that  from  the  right 
chamber,  sends  the  blood  to  the  fifth  pair  of  arches; 
passing  through  which  the  greater  part  of  the  blood 
Hows  into  the  dorsal  aorta,  a  small  portion  only  finding 
its  way  into  the  lungs  through  the  as  yet  unimportant 
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The  blood  of  the  upper   (anterior)  end  of  the  body 
comes  entirely  from  the  left  ventricle. 

The  blood  of  the  dorsal  aorta  passes  to  the  yolk- 
sac  and  allantois,  and  to  all  the  hinder  parts  of  the 
body.  It  is  brought  back  from  the  yolk-sac,  from  the 
allantois,  and  to  a  certain  extent  from  the  intestines,  by 
the  portal  vein,  part  of  the  blood  from  which  passes  to 
the  inferior  vena  cava  by  the  direct  course  (ductus 
venosus),  and  part  indirectly  by  the  more  circuitous 
course  of  the  capillaries  of  the  liver  and  hepatic  veins. 

The  blood  from  the  generative  and  urinary  organs, 
and  from  the  hinder  extremities,  is  brought  back  to  the 
heart  by  the  vena  cava  inferior ;  that  from  the  upper 
extremities  and  head  by  the  jugular,  vertebral  and 
wing  veins  into  the  two  vensB  cavsB  of  the  right  and 
left  side,  and  so  to  the  heart  Of  these  three  venaB 
cavse,  the  right  superior  and  the  inferior  join  the 
auricle  by  a  common  entrance,  but  the  left  superior 
has  an  entrance  of  its  own.  All  of  these  open  into 
the  cavity  of  the  right  auricle,  but  the  opening  of 
the  inferior  vena  cava  is  so  directed  (vide  Chap.  vin. 
p.  263)  that  the  blood  carried  by  this  vessel  flows 
chiefly  through  the  foramen  ovale  into  the  left  auricle. 
The  blood  from  the  two  superior  venae  cavae  enters  the 
right  auricle  only.  Now  the  blood  of  the  inferior 
vena  cava  has  been  partly  aerated  by  the  allantois; 
and,  since  it  is  this  blood  which  passing  through  the 
left  auricle  and  ventricle  is  distributed  to  the  third 
aortic  arch,  unmixed  by  any  blood  from  the  right  ven- 
tricle (the  mixture  with  the  blood  from  the  fifth  arch 
reaching  only  as  far  as  the  fourth  arch),  it  happens 
that  the  blood  which  flows  to  the  anterior  extremitiesi 
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and  hi^aii  U  more  aerated  than  that  in  any  other  part 
of  the  hody. 

From  the  anterior  extremitJea  the  blood  is  to  a 
great  extent  returned  by  the  left  superior  cava,  and 
goes  into  the  right  auricle,  whence,  by  the  right  ven- 
tricle, it  is  distributed  through  the  fifth  pair  of  arches 
over  the  body,  after  joiuing  the  more  aerated  blood 
passing  through  the  fourth  jiair  of  arches. 

The  blood  from  the  lungs  is  brought  back  by  two 
small  \'cii)S  into  the  left  auricle. 

The  characteristics  of  the  circulation  at  this  time  are 
that  the  blood  is  aerated  by  the  ailantois,  and  that  there 
is  a  partial  double  circulation.    (Vide  Chap.  Vlll.  p.  263.) 

As  soon  as  respiration  commences  the  canals 
leading  to  the  dorsal  aorta  from  the  fifth  pair  of  arches, 
■which  communicate  only  with  the  right  ventricle,  be- 
come closed.     The  blood  passing  along  the  fifth  arch 
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There  is  thus  a  completely  double  circulation  formed, 
in  which  all  the  blood  of  the  left  ventricle  is  arterial, 
and  all  the  blood  of  the  right  ventricle  venous,  and 
there  is  at  no  part  of  the  circulation  a  mixture  of  venous 
and  arterial  blood. 

As  early  as  the  sixth  day  movements,  as  we  have 
said,  may  be  seen  in  the  limbs  of  the  embryo  upon 
opening  the  egg.  We  may  conclude  that  after  this 
epoch  spontaneous  movements  occur  from  time  to  time 
in  the  unopened  egg.  They  cannot  however  be  of  any 
great  extent  until  the  fourteenth  day,  for  up  to  this 
time  the  embryo  retains  the  position  in  which  it  was 
first  formed,  viz.  with  its  body  at  right  angles  to  the 
long  axis  of  the  egg. 

On  the  fourteenth  day  a  definite  change  of  position 
takes  place ;  the  chick  moves  so  as  to  lie  lengthways  in 
the  egg,  with  its  beak  touching  the  chorion  and  shell 
membrane  where  they  form  the  inner  wall  of  the 
rapidly  increasing  air-chamber  at  the  broad  end  (Chap. 
I.  p.  3). 

On  the  twentieth  day  or  thereabouts  the  beak  is 
thrust  through  these  membranes,  and  the  bird  begins 
to  breathe  the  air  contained  in  the  chamber.  There- 
upon the  pulmonary  circidation  becomes  functionally 
active,  and  at  the  same  time  blood  ceases  to  fiow 
through  the  umbilical  arteries.  The  allantois  shrivels 
up,  the  umbilicus  becomes  completely  closed,  and  the 
chick  piercing  the  shell  at  the  broad  end  of  the  egg 
with  repeated  blows  of  its  beak,  casts  oflF  the  dried  re- 
mains of  allantois,  amnion  and  chorion,  and  steps  out 
into  the  world. 
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The  most  important  difference  between  the  de- 
velopment of  Mammalia  and  Aves  depends  upon  the 
amount  and  distribution  of  the  food-yolk  in  the  oyuul 
In  birds,  as  we  have  seen  (Ch.  i.),  the  ovum  is  large  and 
the  greater  part  of  it  so  heavily  charged  with  food-yolk 
that  it  is  unable  to  segment.  The  segmentation  is  con- 
fined to  one  small  portion,  the  germinal  disc,  the  pro- 
toplasm of  which  is  less  burdened  with  food-yolk  than 
that  of  the  remainder  of  the  ovum.  Such  partial  seg- 
mentation is  known  as  meroblastic. 

In  Mammals,  on  the  other  hand,  the  ovum  is  small  S 
and  contains  but  a  slight  amount  of  food-yolk ;  the  little 
there  is  being  distributed  uniformly  throughout.  In  con- 
sequence of  this  the  whole  ovum  is  able  to  segment ;  the 
segmentation  therefore  belongs  to  the  holoblastic  type. 
This  fundamental  difference  in  the  constitution  of  the 
ovum  of  Birds  and  Mammals  is  accompanied  not  only  by 
differences  in  the  segmentation  but  also  by  impoitant 
differences,  as  we  shall  see,  in  the  stages  of  development 
which   immediately  follow  segmentation.      Finally,  in 

*  The  hninan  ovarian  ovnm  is  y^3  to  ^l-^  of  an  inoh  in  diameter. 


308  INTRODUCnOK. 

biids,  ns  we  have  seen,  the  nutrition  of  the  developing 
embryo  is  entirely  effected  at  the  expense  of  the  food- 
yolk  and  albumen  with  which  the  ovum  was  charged 
in  the  ovary  and  oviduct  respectively,  and  the  eggs 
leave  thu  parent  very  soon  after  the  close  of  segraenta- 
tioD.  lu  the  Mammalia  the  absence  of  sufficient  food- 
yolk  necessitates  the  existence  of  some  other  source  of 
nutriment  for  the  embryo,  and  that  source  is  mainly  the 
maternal  blood. 

The  development  of  Mammalia  may  be  divided  into 
two  periods :  1,  the  development  within  the  uterus ;  2. 
the  development  after  birth. 

In  all  the  higher  Mammalia  the  second  period  is  very 
uniuip octant,  as  compared  with  the  first ;  for  the  young 
are  bom  in  a  condition  closely  resembling  that  of  the 
athilt  of  the  species  to  which  they  belong.     The  de- 


CHAPTER  X. 

GENERAL  DEVELOPMENT  OF  THE  EMBRYO. 

There  is  a  close  agreement  in  the  history  of  the 
development  of  the  embryo  of  the  various  kinds  of 
Mammals.  We  may  therefore  take  one,  the  Rabbit,  as 
a  type.  There  are  without  doubt  considerable  varia- 
tions to  be  met  with  in  the  early  development  even  of 
species  nearly  allied  to  the  Rabbit,  but  at  present  the 
true  value  of  these  variations  is  not  understood,  and 
they  need  not  concern  us  herd. 

The  ovarian  ovum.  Mammals  possess  two  ovaries 
situated  in  the  body  cavity,  one  on  either  side  of  the 
vertebral  column  immediately  posterior  to  the  kidneys. 
They  are  somewhat  flattened  irregularly  oval  bodies,  a 
portion  of  the  surface  being  generally  raised  into  pro- 
tuberances due  to  projecting  follicles. 

In  an  early  stage  of  development  the  follicle  in  the 
mammalian  ovary  is  similar  to  that  of  the  fowl,  and  is 
formed  of  flat  cells  derived  from  the  germinal  cells  ad- 
joining the  ovum.  As  development  proceeds  however 
it  becomes  remarkably  modified.  These  flat  cells  sur- 
rounding the  ovum  become  columnar  and  then  one  or 
two  layers  deep.  Later  they  become  thicker  on  one 
side  of  the  ovum  than  on  the  other,  and  there  appears 
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ill  ti)L'  Ibickened  mass  a  cavity  wliicli  gradually  becomes 
more  and  more  distended  and  filled  with  an  albuniiaous 
Quid. 

As  the  cavity  enlarges,  the  ovum,  around  which  are 
several  layers  of  cells,  forms  a  prominence  projecting 
into  it.  The  follicle  cells  are  known  as  the  membrana 
granulos,n,  ajid  the  projection  in  which  the  ovum  lies  aa 
the  discus  or  cumulus  proligerus.  The  whole  structure 
with  its  tunic  is  known  as  the  Graafian  foUicle. 

If  the  ovary  of  a  mature  female  during  the  breeding 
season  Lo  examined,  certain  of  the  protuberances  on  ite 
aurfacemaybeseen  to  be  considerably  larger  than  otheiB; 
they  arc  more  transparent  than  their  fellows  and  their 
outer  covering  appears  more  tense ;  these  are  Graafian 
follicles  containing  nearly  or  quite  ripe  ova.  Upon  pierc- 
ing ont:  of  these  follicles  with  a  needle-point  the  ovum 
contained  therein  spirts  forth  together  with  a  not  iucon- 
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position  and  undergoes  a  series  of  changes  which  have 
not  been  fully  worked  out,  but  which  probably  are  of 
the  same  nature  as  those  which  have  been  observed  in 
other  types  (p.  17).  The  result  of  the  changes  is  the 
formation  of  one  or  more  polar  bodies,  and  the  nucleus 
of  the  mature  ovum  (female  pronucleus). 

At  certain  periods  one  or  more  follicles  containing  a 
ripe  ovum  burst*,  and  their  contents  are  received  by 
the  fimbriated  extremity  of  the  Fallopian  tube  which 
appears  according  to  Hensen  to  clasp  the  ovary  at  the 
time.  The  follicle  after  the  exit  of  the  ovum  becomes 
filled  with  blood  and  remains  as  a  conspicuous  object  on 
the  surface  of  the  ovary  for  some  days.  It  becomes 
eventually  a  corpus  luteum.  The  ovum  travels  slowly 
down  the  Fallopian  tube.  It  is  still  invested  by  the 
zona  radiata,  and  in  the  rabbit  an  albuminous  envelope 
is  formed  around  it  in  its  passage  downwards.  Im- 
pregnation takes  place  in  the  upper  part  of  the  Fallo- 
pian tube,  and  is  shortly  followed  by  the  segmentation, 
which  is  remarkable  amongst  the  Amniota  for  being 
complete*. 

The  entrance  of  the  spermatozoon  into  the  ovum 
and  its  subsequent  fate  have  not  been  observed.  Van 
Beneden  describes  in  the  rabbit  the  formation  of  the 
first  segmentation  nucleus  (i.e.  the  nucleus  of  the  ovum 
after  fertilization)  from  two  nuclei,  one  peripheral  and 
the  other  ventral,  and  deduces  from  his  observations 

^  So  far  as  is  known  there  is  no  relation  between  the  bursting  of 
the  folliole  and  the  act  of  coition. 

'^  It  is  stated  hj  Bisohofl  that  shortly  after  impregnation,  and 
before  the  commenoement  of  the  segmentation,  the  ova  of  the  rabbit 
and  goinea-pig  are  covered  with  cilia  and  exhibit  the  phenomenon  of 
rotation.    This  has  not  been  noticed  by  other  observers. 
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that  the  peripheral  nucleus  was  derived  from  the  sper- 
matic element. 

Segmentation.  The  procesB  of  Ee^mentation  oc- 
cupii-'s  ill  the  rabbit  about  72  hours;  but  the  time  of 
this  and  all  other  stages  of  development  varies  con- 
siderably in  different  animals. 

The  details  of  segmentation  in  the  rabbit  are  differ- 
ently described  by  various  observers ;  but  at  the  close  of 
segmentation  the  oviira  appears  undoubtedly  to  be 
composed  of  an  outer  layer  of  cubical  hyaline  cells, 
almost  entirely  surrounding  an  inner  mass  of  highly 
granular  rounded  or  polygonal  cells. 
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exposed  spot  may  for  convenience  be  called  with  v.  Bene- 
den  the  blastopore,  though,  as  will  be  seen  by  the  ac- 
count given  of  the  subsequent  development,  it  in  no 
way  corresponds  with  the  blastopore  of  other  vertebrate 
ova. 

In  the  following  account  of  the  segmentation  of  the  rabbit's 
oYum,  V.  Beneden's  description  is  foUowed  as  far  as  the  details 
are  concerned,  his  nomenclature  is  however  not  adhered  to^ 

According  to  v.  Beneden  the  ovum  first  divides  into  two 
nearly  equal  spheres,  of  which  one  is  slightly  larger  and  more 
transparent  than  the  other.  The  larger  sphere  and  its  products 
will  be  spoken  of  as  the  outer  spheres,  and  the  smaller  one 
and  its  products  as  the  inner  spheres,  in  accordance  with  their 
different  destinations. 

Both  the  spheres  are  soon  divided  into  two,  and  each  of  the 
four  so  formed  into  two  again ;  and  thus  a  stage  with  eight 
spheres  ensues.  At  the  moment  of  their  first  separation  these 
spheres  are  spherical,  and  arranged  in  two  layers,  one  of  them 
formed  of  the  four  outer,  and  the  other  of  the  four  inner  spheres. 
This  position  is  not  long  retained,  for  one  of  the  inner  spheres 
passes  to  the  centre ;  and  the  whole  ovimi  again  takes  a  spherical 
form. 

In  the  next  phase  of  segmentation  each  of  the  four  outer 
spheres  divides  into  two,  and  the  ovrmi  thus  becomes  constituted 
of  twelve  spheres,  eight  outer  and  four  inner.  The  outer  spheres 
have  now  become  markedly  smaller  than  the  inner. 

The  four  inner  spheres  next  divide  giving  rise,  together  with 
the  eight  outer  spheres,  to  sixteen  spheres  in  all;  which  are 
nearly  uniform  in  size.  Of  the  eight  inner  spheres  four  soon 
pass  to  the  centre,  while  the  eight  now  superficial  outer  spheres 
form  a  kind  of  cup  partially  enclosing  the  inner  spheres.  The 
outer  spheres  now  divide  in  their  turn,  giving  rise  to  sixteen 

^  The  cells  spoken  of  as  the  enter  layer  correspond  to  Van  Beneden's 
epiblast,  whilst  those  cells  spoken  of  as  the  inner  correspond  to  his 
primitive  hypoblast. 
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spheres  which  liirgel;  endow  tha  innar  wpbtana.  The  segmenU- 
tioa  of  both  outer  and  inDor  spheres  continuef,  anil  in  the  course 
of  it  the  outer  spheres  spread  fm+ber  and  fiu-ther  orer  tha  inner, 
HO  thnt  Ht  the  cloee  of  aegmentation  the  baner  ejiherea  constitute  n 
central  aoliil  mass  almost  entirely  surrounded  by  the  outer 
aplierca.  In  a  small  circular  area  however  the  inner  mass  of 
apheroH  remain  for  some  time  exposed  at  the  auriace  {Fig.  95  A). 

The  blastodermic  vesicle.  After  its  aegmentation 
the.  ovum  passes  into  the  uteras.  The  outer  cells  aooii 
grow  ovfr  the  blastopore  and  thus  form  a  complete 
superfiL'Jal  layer.  A  aeries  of  changes  next  take  place 
which  result  in  the  formation  of  what  has  been  called 
the  blastodermic  vesicle. 

These  changes  commence  with  the  appearance  of  a 
narrow  cavity  between  the  outer  and  inner  layers,  which 
extends  so  as  completely  to  separate  them  except  in  the 
region  adjoining  the  original  site  of  the  blastopore  (Fig, 
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about  009  mm. — the  size  of  the  ovum  at  the  dose 
segmentation — to  about  0*28  in  diameter.  It  is  en- 
closed by  the  zona  radiata  and  the  albuminous  layer 


Fio.  96. 


Rabbit's  Ovum  between  70 — 90  Houbs  after  Impregnation. 

(After  E.  van  Beneden.) 

bv.  cavity  of  blastodermic  vesicle  (yolk-sac) ;  ep,  outer  layer ; 
hy,  inner  mass ;  ^.  albuminous  envelope. 


around  it.  The  blastodermic  vesicle  continues  to 
enlarge  rapidly,  and  during  the  process  the  inner  mass 
undergoes  important  changes.  It  spreads  out  on  the 
inner  side  of  the  outer  layer  and  at  the  same  time  loses 
its  lens-like  form  and  becomes  flattened.     The  central 
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part  <A  it,  remains  however  thicker,  and  is  conslitnted 
of  two  rovvfl  of  cells,  while  the  peripheral  part,  the  outer 
boundLirj  of  which  is  irregular,  is  formed  of  an  imperfect 
layer  of  amceboid  cells  which  continually  spread  further 
and  furthiT  beneath  the  outer  layer.  The  central  thick- 
ening of  the  inner  layer  forms  an  opaque  circular  spot 
on  the  bliistoderm,  which  constitutes  the  commencement 
of  the  embryonic  area. 

The  formation  of  the  layers.  The  history  of  the 
stages  iuuuediately  following,  from  about  the  com- 
mencement of  the  fifth  day  to  the  seventh  day,  when  a 
primitix'c  streak  makes  its  appearance,  is  not  perfectly 
understood,  and  has  been  interpreted  very  differently  by 
various  observers.  The  following  account  must  there- 
fore be  conRidered  as  a  tentative  one. 

About  five  days  after  impregnation  the  cells  of  the 
inner  mass  in  the  embryonic  area  become  divided  into 
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cells,  a  columnar  epiblast  and  a  layer  of  flattened  hypo- 
blast. 

Fig.  97. 


:pss 
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Section  through  the  nearly  Circular  Embrtonic  Area  of 

A  Rabbit  Ovum  of  Six  Days. 

(From  Allen  Thomson,  after  E.  van  Beneden.) 

ect.  upper  layer ;  mes,  middle  layer ;  ent.  true  hypoblast. 

Fio.  98. 


Section  throuqh  the  Blastoderm  of  a  Babbit  on  thk 
Seventh  Day  :  taken  in  front  of  the  Primitive 
Streak. 

Half  of  the  area  is  represented. 

Towards  the  end  of  the  sixth  day  the  embryonic 
area  of  the  rabbit,  which  has  hitherto  been  round,  be- 
comes oval. 

A  diagrammatic  view  of  the  whole  blastodermic 
vesicle  at  about  the  beginning  of  the  seventh  day  is 
given  in  Fig.  99.  The  embryonic  area  is  represented  in 
white.  The  line  ge  in  B  shows  the  extension  of  the 
hypoblast  round  the  inside  of  the  vesicle.     The  bias- 
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todermic  Tesicle  is  therefore  formed  of  three  areas, 
(1)  the  embryonic  area  with  two  layers,  a  columnar 
epiblast  and  flat  hypoblast ;  (2)  the  region  around  the 
embryonic  area  where  the  walls  of  the  vesicle  ore  formed 
of  flattened  epiblast'  and  of  hypsblast;  (3)  the  area 
beyond  this  again  where  the  vesicle  ia  formed  of  flat- 
tened epiblast'  only. 

The  changes  which  next  take  place  begin  with  the 
formation  of  a  primitive  streak,  homologous  with,  and  in 
most  respects  similar  to,  the  primitive  streak  in  Birds. 


Embbionio  Abba  or  ah  Eiohi  Days'  Rabbit. 
(After  Eailiker.) 
aiy.  embijonic  area  ;  pr.  primitive  streak. 
The  formation  of  the  streak  is  preceded  by  that  of  a 
dark  spot  near  the  middle  of  the  blastoderm,  fomuDg 
the  nodal  point  of  Hensen.     This  spot  subsequently 
constitutes  the  &ont  end  of  the  primitive  streak. 

Early  on  the  seventh  day  the  embryonic  area  be- 
comes pyriform,  and  at  its  posterior  and  narrower  epd 
>  The  epibUat  of  the  blwtodennie  veiide  beyond  (he  eml}i;oiiia 
area  is  foitned  of  the  onter  Ikyer  011I7. 
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the  primitive  streak  makes  its  appearance ;  it  is  due  to 
a  proliloration  of  rounded  cells  from  the  epiblast 
Pio.  101. 
P^  ep 


Section  throdoh    an   0v4L    Blahtodkrm  of  a   Rab 

THE  Sbtbnth    Day.    The    Length  of   tbb    Aksa    was 

ABOUT    V2  MM.    AND   ITS   BrBADTH    ABOUT    '80  3itt. 

Througli  the  frocit  i*rt  of  the  primitive  streak ;  up.  epiblast ; 
m.  mesoblaat ;  Ay,  hypoblast ;  pr.  primitive  streak. 

i'liese  cells  give  rise  to  a  part  of  the  mesoblastic 
layer  of  the  embryo,  and  may  be  termed  from  their 
origin  the  primitive  streak  mesoblast. 
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Two  Transyebse  Sections  through  the  Embryonio  Area 
OF  AN  Embryo  Rabbit  of  Seven  Days. 

The  embryo  has  nearly  the  appearance  represented  in  Fig.  100. 

A.  is  taken  through  the  anterior  part  of  the  embryonio  area. 
It  represents  about  half  the  breadth  of  the  area,  and  there  is  no 
trace  of  a  medullary  groove  or  of  the  mesoblast. 

B.  is  taken  through  the  posterior  part  of  the  primitive 
streak. 

ep,  epiblast ;  Ay.  hypoblast. 

lateral  epiblast  is  formed  of  several  rows  of  cells,  that  of 
the  medullary  plate  is  at  first  formed  of  but  a  single 
row  (Fig.  104,  mg). 

The  mesoblast  and  notochorcL    The  mesoblast  in 

mammalia  has,  as  in  the  chick,  a  double  origin,  and  the 
details  of  its  development  appear  to  resemble  essentially 
those  in  the  chick.  It  arises  (1)  from  the  epiblast  of 
the  primitive  streak ;  this  has  been  already  described ; 
(2)  from  the  primitive  hypoblast  in  front  and  at  the 
sides  of  the  primitive  streak.  The  latter  is  known  as 
hypoblastic  mesoblast,  and  as  in  the  chick  appears  to 
originate  as  two  lateral  plates  split  ofif  from  the  primi- 
tive hypoblast.    These  two  plates  are'at  first  continuous 
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(Fig.  104).     The  axial  band  of  hypoblast  eventually 
gives  rise  to  the  notochord. 


Fio.  104. 


rj:etxgs:yts!fi^ 


Transvbbsb  Section  thbouoh  an  Embrto  Rabbit  of  Eight 

Dats. 

ep,  epiblast ;  me.  mesoblast ;   hy,  hypoblast ;  mg.  medullary 

groove. 

The  mesoblastic  elements  from  these  two  sources, 
though  at  first  characterised  by  the  difference  in  the 
appearance  of  their  cells  (Fig.  102,  B),  those  of  the 
primitive  streak  mesoblast  being  more  rounded,  soon 
become  blended  and  indistinguishable  from  one  another; 
so  that  it  is  difficult  to  say  to  what  parts  of  the  folly 
formed  mesoblast  they  severally  contribute. 

In  tracing  the  changes  which  take  place  in  the  rela- 
tions of  the  layers,  while  passing  from  the  region  of  the 
embryo  to  that  of  the  primitive  streak,  it  will  be  con- 
venient to  follow  the  account  given  by  Schafer  for  the 
guinea-pig,  which  on  this  point  is  far  fuller  and  more 
satisfactory  than  that  of  other  observers.  In  doing  so 
we  shall  leave  out  of  consideration  the  fact  that  the 
layers  in  the  guinea-pig  are  inverted.  Fig.  105  repre- 
sents a  series  of  sections  through  this  part  in  the  guinea- 
pig.  The  anterior  section  (D)  passes  through  the  medul- 
lary groove  near  its  hinder  end.  The  commencement  of 
the  primitive  streak  is  marked  by  a  slight  prominence  on 
the  floor  of  the  medullary  groove  between  the  two  diverg- 

21—2. 
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ing  medullary  folds  (Fig.  105  C,ae).    Wtere  this  promi- 
nence becomes  first  apparent  the  epiblast  and  lij-poblast 
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are  united  together.  The  mesoblast  plates  at  the  two 
sides  remain  in  the  meantime  quite  free.  Slightly 
further  back,  but  before  the  primitive  groove  is  reached, 
the  epiblast  and  hypoblast  are  connected  together  by  a 
cord  of  cells  (Fig.  105  B,/),  which  in  the  section  next 
following  becomes  detached  from  the  hypoblast  and 
forms  a  solid  keel  projecting  from  the  epiblast.  In  the 
following  section  the  hitherto  independent  mesoblast 
plates  become  united  with  this  keel  (Fig.  105  A) ;  and 
in  the  posterior  sections,  through  the  part  of  the  primi- 
tive streak  with  the  primitive  groove,  the  epiblast  and 
mesoblast  continue  to  be  united  in  the  axial  line,  but 
the  hypoblast  remains  distinct.  These  peculiar  relations 
may  shortly  be  described  by  saying  that  in  the  axial 
line  the  liypoblast  becomes  united  with  the  epiblast  at 
the  posterior  end  of  the  embryo;  and  that  the  cells 
which  connect  the  hypoblast  and  epiblast  are  posteriorly 
continuous  with  the  fused  epiblast  and  mesoblast  of 
the  primitive  streak,  the  hypoblast  in  the  region  of  the 
primitive  streak  having  become  distinct  from  the  other 
layers. 

The  notochord.  The  thickened  axial  portion  of  the 
hypoblast  in  the  region  of  the  embryo  becomes  sepa- 
rated, as  we  have  already  pointed  out,  from  the  lateral 
parts  as  the  notochord. 

Very  shortly  after  the  formation  of  the  notochord, 
the  hypoblast  grows  in  from  the  two  sides,  and  becomes 
quite  continuous  across  the  middle  line.  The  formation 
of  the  notochord  takes  place  from  before  backwards; 
and  at  the  hinder  end  of  the  embryo  it  is  continued 
into  the  mass  of  cells  which  forms  the  asis  of  the  primi- 
tive streak,  becoming  therefore  at  this  point  continuous 
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■with  the  epiblast  The  notochord  in  fact  beha.ves  exactly 
aa  did  the-  axial  hypoblast  in  the  earlier  stage. 

The  peculiar  relatioiiB  jiut  mentioned  are  preciaelj  fiimiliU'  to 
those  wo  have  already  described  in  the  chick  (p.  60).  They 
receive  their  explanation  by  compariaoa  with  tho  lomcr  typea. 

The  celts  which  form  the  junction  between  the  epiblost  and 
the  aiial  hj-poblaat  constitute  in  the  lower  typos  the  front  wall  of 
B,  passage  perforating  the  blastoderm  and  leading  from  the  Qi- 
tenor  into  the  alimentary  canaL  This  passage  is  the  Tt3rt«brate 
blastnpore. 

In  the  chick  we  bave  seen  (p.  72)  this  passage  is  present  at  a 
certain  stage  of  derelopment  as  the  tiem^nterie  canal ;  and  in  the 
duel;  at  II  still  earUer  stage.  It  is  also  present  at  att  early  atnge 
in  the  m"Io. 

The  pri'seuoa  of  this  blastopore  renders  it  clear  that  the  blas- 
topore discovered  by  Ed.  van  Sencdcn  cannot  have  the  meaning 
he  assigned  to  it  in  comparing  it  with  the  blastopore  of  the 
frog. 
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General  growth  of  the  embryo.    We  have  seen 

that  the  blastodermic  vesicle  becomes  divided  at  an 
early  stage  of  development  into  an  embryonic  area,  and 
a  non-embryonic  portion.  The  embryonic  area  gives 
rise  to  the  whole  of  the  body  of  the  embryo,  while  the 
non-embiyonic  part  forms  an  appendage  known  as  the 
umbilical  vesicle,  which  becomes  gradually  folded  ofiF 
from  the  embryo,  and  has  precisely  the  relations  of  the 
yolk-sac  of  the  chick.  It  is  almost  certain  that  the 
Mammalia  are  descended  from  ancestors,  the  embryos 
of  which  had  large  yolk-sacs,  but  that  the  yolk  has 
become  reduced  in  quantity  owing  to  the  nutriment 
received  from  the  wall  of  the  uterus  taking  the  place 
of  that  originally  supplied  by  the  yolk,  A  rudiment  of 
the  yolk-sac  being  thus  retained  in  the  umbilical  vesi- 
cle, this  structure  may  be  called  indifferently  umbilical 
vesicle  or  yolk-sac. 

The  yolk  which  fills  the  yolk-sac  in  Birds  is  re- 
placed in  Mammals  by  a  coagulable  fluid;  while  the 
gradual  extension  of  the  hypoblast  round  the  wall  of 
the  blastodermic  vesicle,  which  has  already  been  de- 
scribed, is  of  the  same  nature  as  the  growth  of  the  hy- 
poblast round  the  yolk-sac  in  Birds. 

The  whole  embryonic  area  would  seem  to  be  em- 
ployed in  the  formation  of  the  body  of  the  embryo.  Its 
long  axis  has  no  very  definite  relation  to  that  of  the 
blastodermic  vesicle.  The  first  external  trace  of  the 
embryo  to  appear  is  the  medullary  plate,  bounded  by 
the  medullary  folds,  and  occupying  at  first  the  anterior 
half  of  the  embryonic  area  (Fig.  103).  The  two  me- 
dullary folds  diverge  behind  and  enclose  the  front  end 
of  the  primitive  streak.    As  the  embryo  elongates  the 
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medullary  folds  nearly  meGt  behind  and  so  cut  off  the 
front  portion  of  the  primitive  streak,  which  then  ap- 
pears as  a  projection  in  the  hind  end  of  the  medullary 
groove.  At  the  hind  end  of  the  medullary  groove 
(mole)  a  deep  pit  perforates  its  floor  and  enters  the 
mass  of  inesoblaBt  cells  lying  below.  The  pit  is  a  rudi- 
ment of  the  blastopore  (described  on  p.  326)  which  has 
bei'ii  L'Mclosed  by  the  medullary  folds. 

Henceforward  the  general  course  of  deuelopment  is 
very  similar  to  that  in  the  chick  and  so  wUJ  be  only  briefly 
described.  The  special  features  in  the  development  of 
particular  organs  will  be  described  later.  In  an  embryo 
rabbit,  eight  days  afUtr  impregnation,  the  medullary 
groove  is  about  1"80  mm.  in  length.  At  this  stage  a 
division  may  be  clearly  seen  in  the  lat-eral  plates  of 
mesoblast  into  a  vertebral  zone  adjoining  the  embryo 
and  a  more  peripheral  lat«ral  zone ;  and  in  the  verte- 
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Birds,  which  does  not  become  converted  into  the  body 
of  the  embryo.  Outside  the  area  pellucida,  an  area 
vasculosa  has  become  very  well  defined.  In  the  em- 
bryo itself  (Fig.  106  A)  the  disproportion  between  head 
and  trunk  is  less  marked  than  before;  the  medullary 
plate  dilates  anteriorly  to  form  a  spatula-shaped  ce- 
phalic enlargement;  and  three  or  four  somites  are 
established.  In  the  lateral  parts  of  the  mesoblast  of 
the  head  there  may  be  seen  on  each  side  a  tube-like 
structure  Qiz),  Each  of  these  is  part  of  the  heart,  which 
arises  as  two  independent  tubes.  The  remains  of  the 
primitive  streak  {pr)  are  still  present  behind  the  me- 
dullary groove. 

In  somewhat  older  embryos  (Fig.  106  B)  with  about 
eight  somites,  in  which  the  trunk  considerably  exceeds 
the  head  in  length,  the  first  distinct  traces  of  the 
folding  oflf  of  the  head  end  of  the  embryo  become  ap- 
parent, and  somewhat  later  a  fold  also  appears  at  the 
hind  end.  In  the  formation  of  the  hind  end  of  the 
embryo  the  primitive  streak  gives  rise  to  a  tail  swelling 
and  to  part  of  the  ventral  wall  of  the  post-anal  gut.  In 
the  region  of  the  head  the  rudiments  of  the  heart  {h) 
are  far  more  definite.  The  medullary  groove  is  still 
open  for  its  whole  length,  but  in  the  head  it  exhibits  a 
series  of  well-marked  dilatations.  The  foremost  of 
these  {vh)  is  the  rudiment  of  the  fore-brain  from  the 
sides  of  which  there  project  the  two  optic  vesicles  {ah) ; 
the  next  is  the  mid-brain  {mh)  and  the  last  is  the  hind- 
brain  {hh)y  which  is  again  divided  into  smaller  lobes  by 
successive  constrictions.  The  medullary  groove  behind 
the  region  of  the  somites  dilates  into  an  embryonic 
sinus  rhomboidalis  like  that  of  the  bird.     Traces  of  the 
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amnion  {af)  are  now  apparent  both  in  front  of  and 
behind  the  embryo. 

The  structure  of  the  head  and  the  formation  of  the 
heart  at  this  age  are  illustrated  in  Fig.  107.  The 
widely  open  medullary  groove  {rf)  is  shewn  in  the 
centre.  Below  it  the  hypoblast  is  thickened  to  form 
the  notochord  dd! ;  and  at  the  sides  are  seen  the  two 
tubes,  which,  on  the  folding-in  of  the  fore-gut,  give  rise 
to  the  impaired  heart  \  Each  of  these  is  formed  of 
an  outer  muscular  tube  of  splanchnic  mesoblast  {cihh), 
not  quite  closed  towards  the  hypoblast,  and  an  inner 
epithelioid  layer  (lAA);  and  is  placed  in  a  special  section 
of  the  body  cavity  {jph\  which  afterwards  forms  the 
pericardial  cavity. 

Before  the  ninth  day  is  completed  great  external 
changes  are  usually  eflFected,  The  medullary  groove 
becomes  closed  for  its  whole  length  with  the  exception 
of  a  small  posterior  portion.  The  closure  conmiences, 
as  in  Birds,  in  the  region  of  the  mid-brain.  Anteriorly 
the  folding-off  of  the  embryo  proceeds  so  far  that  the 
head  becomes  quite  free,  and  a  considerable  portion  of 
the  throat,  ending  blindly  in  front,  becomes  established. 
In  the  course  of  this  folding  the,  at  first  widely  sepa- 
rated, halves  of  the  heart  are  brought  together,  coalesce 
on  the  ventral  side  of  the  throat,  and  so  give  rise  to  a 
median  undivided  heart.  The  fold  at  the  tail  end  of 
the  embryo  progresses  considerably,  and  during  its  ad- 
vance the  allantois  is  formed  in  the  same  way  as  in 
Birds.  The  somites  increase  in  number  to  about  twelve. 
The  amniotic  folds  nearly  meet  above  the  embryo. 

^  The  details  of  the  development  of  the  heart  are  deaoribed  below 
(ch.  XII.). 
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dfp.  Bplanohnio  meaoblaatj  pA.  pericardial  aeotion  of  bod^- 
cavitj;  ahh.  muacular  wall  of  heart ;  ihh.  epithelioid  layer  of 
heart  ;  me*,  lateral  undiTided  meeoblast ;  ra,  fold  of  hypo- 
blast which  will  form  the  ventral  wall  of  ths  pharjoz  ;  «r. 
commencing  throat. 

The  later  stages  in  the  development  proceed  in  tlie 
main  in  the  some  manner  as  in  the  Sird.  The  cranial 
fleztire  soon  becomes  very  marked,  the  mid-brain  form- 
ing the  end  of  the  long  axis  of  the  embryo  (Fig.  108). 
The  sense  organs  have  the  tisual  development  Under 
the  fore-brain  appears  an  epiblastic  involution  giving 
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wit.  mid-brain  ;  th.  thatsmeaoephalon  ;  aa.  cerebral  henuBphere ; 
op.  eye ;  iV.v.  fourth  ventricle ;  mx.  m&iillary  proceas ;  vtd. 
mandibular  arch ;  hy.  hjoid  arch  ;  fl.  fore-limb  ;  hi.  hind- 
limb  ;  um.  umbilical  stalk. 

I  Thii  flgoie  WM  diawn  b?  lb  Weldon. 


334  THE  MASLMALUN   EMBRYO.  [CIUP. 

rise  botli  to  the  mouth  and  to  the  pituitary  body.  Be- 
hind the  mouth  are  three  well  marked  pairs  of  visceral 
jtrches.  The  first  of  these  is  the  mandibular  arch 
(Fig.  108  7/id),  which  meets  its  fellow  in  the  middle 
line,  and  forms  the  posterior  boundary  of  the  mouth. 
It  sends  forward  on  each  side  a  superior  maxillary  pro- 
cesa  {mx)  which  partially  forms  the  anterior  margin  of 
the  mouth.  Behind  the  mandibular  arch  are  present  a 
well-developed  hyoid  (hi/)  and  a  first  branchial  arch 
(not  Hlie^vn  in  Fig.  108).  There  are  four  clefts,  as  in 
the  chick,  but  the  fourth  is  not  bounded  behind  by  a 
definite  arch.  Only  the  first  of  these  clefts  persieta  as 
the  tympanic  cavity  and  Eustachian  tube. 

At  the  time  when  the  cranial  flexure  appears,  the 
body  also  develops  a  sharp  dexure  immediately  behind 
the  head,  which  is  thus  bent  forwards  upon  the  pos- 
terior straight  part  of  the  body  (Fig.  108).    The  amount 
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The  human  embryo.  Our  knowledge  as  to  the 
early  development  of  the  human  embryo  is  in  an  un- 
satisfactory state.  The  positive  facts  we  know  are  com- 
paratively few,  and  it  is  not  possible  to  construct  from 
them  a  history  of  the  development  which  is  capable  of 
satisfactory  comparison  with  that  in  other  forms,  unless 
all  the  early  embryos  known  are  to  be  regarded  as 
abnormal.  The  most  remarkable  feature  in  the  develop- 
ment, which  was  first  clearly  brought  to  light  by  Allen 
Thomson  in  1839,  is  the  very  early  appearance  of 
branched  villi.  In  the  last  few  years  several  ova,  even 
younger  than  those  described  by  Alien  Thomson,  have 
been  met  with,  which  exhibit  this  peculiarity. 

The  best  preserved  of  these  ova  is  one  described  by 
Reichert\  This  ovum,  though  probably  not  more  than 
thirteen  days  old,  was  completely  enclosed  by  a  decidua 
reflexa.  It  had  (Fig.  109  A  and  B)  a  flattened  oval 
form,  measuring  in  its  two  diameters  5*5  mm.  and 
3*5  mm.  The  edge  was  covered  with  branched  villi, 
while  in  the  centre  of  each  of  the  flattened  surfstces 
there  was  a  spot  free  from  villi.  On  the  surface  ad- 
joining the  uterine  wall  was  a  darker  area  {e)  formed  of 
two  layers  of  cells.  Nothing  certain  has  been  made  out 
about  the  structure  of  ova  of  this  age. 

The  villi,  which  at  first  leave  the  flattened  poles 
free,  seem  soon  to  extend  first  over  one  of  the  flat  sides 
and  finally  over  the  whole  ovum  (Fig.  109  C). 

Unless  the  two-layered  region  of  Reichert's  ovum  is 
the  embryonic  area,  nothing  which  can  clearly  be 
identified  as  an  embryo  has  been  detected  in  these 

^  Abhandlongen  der  Konigl.  Akad.  d.  Wiss.  zu  Berlin,  1873. 
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The  Hituas  Ota  Duama  E4ELT  STAOia  of  detelofuest. 
(Ftoiu  QuaJn'a  Analomg.) 

A.  atid  R.  Front  and  aide  view  of  an  onim  fij^iired  by  Beioheti, 
aujiposodto  be  sbout  thirteeu  days.     e.  embryonic  area. 

C.  An  Dvum  of  about  four  or  live  weeks  ahewjng  the  gi^norol 
atniL-tiu*  of  the  ovum  before  the  formation  of  the  placenta. 
Part  of  the  wall  of  the  ovum  is  removed  to  shew  the  embtTO 
■in  3itii.     (After  Allan  Thomson.)  .Ufl 
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Three  Earlt  Hdman  Eubhtos.    (Copied  from  Hie.) 

A.  Side  view  of  an  eaxlj  embrjo  deecribed  bj  His. 

B.  Smbryo  of  about  12—14  dajs  dworibad  bj  Men  Thom- 

C.  Young  embryo  described  bj  His. 

ant.  amnion ;    md.  medullaij  groove ;    vm.  umbilical  veeicle ; 
eh.  chorion,  to  which  the  embryo  is  attached  by  a  stalk. 

and  yolk-sac   filled  up  but  a  veiy  small   part  of  the 
whole  cavity  of  the  vesicle. 

The  embryo,  which  was  probably  not  quite  Donnal 
(Fig.  110  A),  was  very  imperfectly  developed;  a  me- 
dullary plate  was  hardly  indicated,  and,  though  the 
mesoblast  was  unsegmented,  the  head  fold,  aepai^ting 
the  embryo  from  the  yolk-sac  (um).  was  already  in- 
F.  4  B.  It 
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DlA.^ElASIMATlC    LONOITTDIHAL      SECTION     OF     TBE    OvUM     TO 

wuiL')i  THE  Embryo  (Fia.  110  a.)  belokobd.    (After  His.) 
am.  B,mniaa ;  Nh.  umbilical  vesicle. 

<licatc<l.     The  amnion  (am)  was  completely  fonned,  and 
vik'llinu  vessels  had  made  their  appearance. 

Two  embryos  described  by  Allen  Thomson  are  but 
slightly  older  than  the  above  embryo  of  His.  Both  of 
them   probably  belong  to  the  first  fortnight  of  preg- 
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The  embryo  is  still  but  incompletely  folded  off  firom 
the  yolk-sac  below. 

In  a  still  older  stage  the  cranial  flexure  becomes 
still  more  pronounced,  placing  the  mid-brun  at  the  end 
of  the  long  axis  of  the  body.  The  body  also  begins  to 
be  ventrally  curved  (Fig.  110  C). 

Externally  human  embiyos  at  this  age  are  charac- 
terized by  the  small  size  of  the  anterior  end  of  the 
head. 

The  flexure  goes  on  gradually  increasing,  and  in  the 
third  week  of  pr^nancy  in  embiyos  of  about  4  mm.  the 
limbs  make  their  appearance. 

The  embryo  at  this  stage  (Fig.  112),  which  is  about 


Two  T1KW8   OF  A  HUMiM    EkBBYO    OF    BffFWEBN   THB    THIED 

AMD  Fourth  Wbsk. 
A.  Side  view.  (From  KOlliker ;  after  Men  ThomBon.)  a. 
ftumion ;  f>.  umbilical  TCfiicl6 ;  c,  mnQdibulAr  Atcb ;  0.  h^oid 
archi  /  commendng  anterior  limb;  ff.  primitive  auditory 
vesicle;  h.  eje;  i.  heart. 
£.  Donal  view  to  shew  the  attachment  of  the  dilated  allantoic 
stalk  to  the  chorion.  (From  a  sketch  by  Allen  Thomson.) 
ain.  smmon;  all.  allantoia ;  i/g.  yolk-HOc 

22—2 
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t'([iii\;\lt-nt  to  that  of  a  chick  on  the  fourth  day,  re- 
Kenilih-s  io  almost  every  respect  the  nonnal  embryos  of 
the  Anniiota.  The  cranial  flexure  is  as  pronounced  aa 
usual,  and  the  cerebral  region  has  now  fully  the  aormal 
sm:  Tlie  whole  body  soon  becomes  flexed  ventrally, 
and  nisu  somewhat  spirally.  The  yolk-sac  (B;  ys)  forms  a 
small  si>herical  appendage  with  a  long  wide  stalk,  and 
the  embryo  is  attached  by  an  allantoic  stalk  with  a 
slight  s^velling,  probably  indicating  the  presence  of  a 
siniill  hj-poblastic  diverticulum,  to  the  inner  face  of  the 
chorion. 

A  detailed  history  of  the  further  development  of 
the  huniau  embryo  does  not  lall  within  the  province  of 
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this  work;  while  the  later  changes  in  the  embryonic 
membranes  will  be  dealt  with  in  the  next  chapter.  For 
the  changes  which  take  place  on  the  formation  of  the 
fiace  we  may  refer  the  reader  to  Fig.  113.  For  a  full  dis- 
cussion as  to  the  relation  between  the  human  embryos 
just  described  and  those  of  other  Mammals,  we  refer  the 
reader  to  the  Comp.  Embryology,  VoL  li.  p.  224  et  seq. 
The  guinea  pig,  rat  and  mouse  present  a  pe- 
culiar method  of  development,  the  details  of  which  are 
not  entirely  understood,  and  we  do  not  propose  to 
examine  them  here.  Suffice  it  to  say  that  the  mode  of 
development  gives  rise  to  the  so-called  inversion  of  the 
layers;  so  called  because  the  outer  layer  of  the  em- 
bryonic vesicle  appeared  to  the  older  observers  to  be 
formed  of  hypoblast  and  the  embryonic  epiblast  to  be 
enclosed  within. 


CHAPTER  XI. 


EMBBTONIC  MEMBRANES  AMD  YOLK-SAC. 


I.v  the  Mammalia  the  early  stages  in  the  develop- 
ment of  the  embi^'onic  membranes  are  nearly  the  same 
as  ill  Aves;  but  during  the  later  stages  the  aliantoia 
enters  into  peculiar  relations  with  the  uterine  wallfl, 
and  the  two,  together  with  the  intenpoaed  portion  of 
the  subzonal  membrane  or  false  amnion  (the  nature  of 
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established.  Such  a  vesicle  is  represented  diagram- 
matically  in  Fig.  114,  i.  Somewhat  later  the  embryo 
begins  to  be  folded  off  first  in  front  and  then  behind 
(Fig.  114,  2).  These  folds  result  in  a  constriction  sepa- 
rating the  embryo  and  the  yolk-sac  (ds),  or  as  it  is 
called  in  Mammalian  embryology,  the  wmbilical  vesicle. 
The  splitting  of  the  mesoblast  into  a  splanchnic  and  a 
somatic  layer  has  taken  place,  and  at  the  firont  and 
hind  end  of  the  embryo  a  fold  Qcs)  of  the  somatic  meso- 
blast and  epiblast  begins  to  rise  up  and  grow  over  the 
head  and  tail  of  the  embryo.  These  two  folds  form  the 
commencement  of  the  amnion.  The  head  and  tail  folds 
of  the  amnion  are  continued  round  the  two  sides  of  the 
embryo  till  they  meet  and  unite  into  a  continuous  fold. 
This  fold  grows  gradually  upwards,  but  before  it  has 
completely  enveloped  the  embryo  the  blood-vessels  of 
the  area  vasculosa  become  fully  developed.  They  are 
arranged  in  a  manner  not  very  different  from  that  in 
the  chick. 

The  following  is  a  brief  account  of  their  arrange- 
ment in  the  rabbit : — 

The  outer  boundary  of  the  area,  which  is  continually  extend- 
ing further  and  further  round  the  umbilical  vesicle,  is  marked  by 
a  venous  sinus  terminalis  (Fig.  114,  st).  The  area  is  not,  as  in 
the  chick,  a  nearly  complete  circle,  but  is  in  front  divided  by  a 
deep  indentation  extending  inwards  to  the  level  of  the  heart.  In 
consequence  of  this  indentation  the  sinus  terminalis  ends  in 
front  in  two  branches,  which  bend  inwards  and  fall  directly  into 
the  main  vitelline  veins.  The  blood  is  brought  from  the  dorsal 
aortsd  by  a  series  of  lateral  vitelline  arteries,  and  not  by  a  single 
pair  as  in  the  chick.  These  arteries  break  up  into  a  more  deeply 
situated  arterial  network,  from  which  the  blood  is  continued 
partly  into  the  sinus  terminalis,  and  partly  into  a  superficial  venous 
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Five  Diagbammatic  Figures  illustrating  the  Formation 
OF  the  Foetal  Membranes  of  a  Mammal.  (From  E5lli- 
ker.) 

In  1, 2, 3,  4  the  embryo  is  represented  in  longitudinal  section. 

1.  Ovum  with  zona  peUucida,  blastodermic  vesicle,  and 
embryonic  area. 

2.  Ovum  with  commencing  formation  of  umbilical  vesicle 
and  amnion. 

3.  Ovimi  with  amnion  about  to  close,  and  commencing 
allantois. 

4.  Ovum  with  villous  subzonal  membrane,  larger  allantois, 
and  mouth  and  anus. 

5.  Ovum  in  which  the  mesoblast  of  the  allantois  has  ex- 
tended round  the  inner  surface  of  the  subzonal  membrane  and 
united  with  it  to  form  the  chorion.  The  cavity  of  the  allantois 
is  aborted.    This  fig.  is  a  diagram  of  an  early  human  OTum. 

d,  zona  radiata ;  ct  and  az,  processes  of  zona ;  sh,  subzonal  mem- 
brane, outer  fold  of  amnion,  false  amnion ;  cA.  chorion ;  ch,  z. 
chorionic  villi ;  am,  amnion;  ks.  head-fold  of  anmion;  m.  tail- 
fold  of  amnion ;  a.  epiblast  of  embryo ;  a',  epiblast  of  non-em- 
bryonic part  of  the  blastodermic  vesicle ;  m.  embryonic  meso- 
blast ;  m\  non-embryonic  mesoblast ;  df,  area  vasculosa ;  st. 
sinus  terminalis ;  dd,  embryonic  hypoblast ;  i.  non-embryo- 
nic hypoblast;  kh,  cavity  of  blastodermic  vesicle,  the  greater 
part  of  which  becomes  the  cavity  of  umbilical  vesicle  ds, ; 
dg.  stalk  of  umbilical  vesicle ;  al,  allantois ;  e.  embryo ;  r. 
space  between  chorion  and  amnion  containing  albuminous 
fluid  ;  vL  ventral  body  wall ;  hh,  pericardial  cavity. 
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1 1  lit  wi  Ilk.  The  hinder  end  of  the  heart  is  contiuued  iDto  two 
vit.lhiiu  vciiia,  each  of  which  dividea  iuto  an  anterior  and  o 
(n-lo[ii'r  branch.  The  anterior  branch  is  a  liiub  of  the  sinus 
tiTitiinali.^  and  the  posterior  and  smaller  branoh  is  continued 
towiiiJa  the  bind  part  of  the  sinus,  near  which  it  euds.  On  ib 
wiiy  it  reuoivca,  oa  its  outer  side,  numerous  branches  from  the 
vi'iiriiis  network.  The  venous  network  connects  by  its  anasto- 
uiiiscs,  the  posterior  branch  of  the  vitelhne  vein  and  the  bIdub 

Shortly  aft«r  the  establishment  of  the  circulation  of 
the  yolk-sac  the  folds  of  the  amnion  meet  and  coalesce 
iihovs;  the  embryo  {Fig,  114,  3  and  4,  am)-  After  this  the 
iniKT  or  true  amnion  becomes  severed  from  the  outer 
or  IJil^o  amnion,  though  the  two  sometimes  remain  eon- 
iiocfi-il  by  a  narrow  stalk.  The  space  between  the  true 
and  IJilse  amnion  is  a  continuation  of  the  body  cavity. 
The  true  amnion  consists  of  a  layer  of  epiblastic  epi- 
liii'liiim  and  generally  aUo  of  somatic  mesoblast,  while 
t.'it  only 
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envelope.     It  soon  fiises  with  the  zona  radiata,  or  at 
any  rate  the  zona  ceases  to  be  distinguishable. 

While  the  above  changes  have  been  taking  place 
the  whole  blastodermic  vesicle,  still  enclosed  in  the 
zona,  has  become  attached  to  the  walls  of  the  uterus. 
In  the  case  of  the  typical  uterus  with  two  tubular 
horns,  the  position  of  each  embryo,  when  there  are 
several,  is  marked  by  a  swelling  in  the  walls  of  the 
uterus,  preparatory  to  the  changes  in  the  wall  which 
take  place  on  the  formation  of  the  placenta.  In  the 
region  of  each  swelling  the  zona  around  the  blasto- 
dermic vesicle  is  closely  embraced  in  a  ring-like  fashion 
by  the  epithelium  of  the  uterine  wall.  The  whole 
vesicle  assumes  an  oval  form,  and  it  lies  in  the  uterus 
with  its  two  ends  free.  The  embryonic  area  is  placed 
close  to  the  mesometric  attachment  of  the  uterus.  In 
many  cases  peculiar  processes  or  villi  grow  out  from 
the  ovum  (Fig.  114,  4,  sz)  which  fit  into  the  folds  of 
the  uterine  epithelium.  The  nature  of  these  processes 
requires  further  elucidation,  but  in  some  instances 
they  appear  to  proceed  from  the  zona  (rabbit)  and  in 
other  instances  from  the  subzonal  membrane  (dog). 
In  any  case  the  attachment  between  the  blastodermic 
vesicle  and  the  uterine  wall  becomes  so  close  at  the 
time  when  the  body  of  the  embryo  is  first  formed  out 
of  the  embryonic  area,  that  it  is  hardly  possible  to 
separate  them  without  laceration ;  and  at  this  period — 
from  the  8th  to  the  9th  day  in  the  rabbit — it  requires 
the  greatest  care  to  remove  the  ovum  from  the  uterus 
without  injury.  It  will  be  imderstood  of  course  that 
the  attachment  above  described  is  at  first  purely  super- 
ficial and  not  vascular. 
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During  the  changes  above  described  aa  taking  pi"* 
hi  iht-  amnion,  the  allantois  grows  out  Gxm  the  hiod- 
gul  My  a  vesicle  lined  by  hypoblast,  but  oovenMl  ex- 
ternally by  a  layer  of  BpLanchnic  mesobtast  fFig.  1 14,  3 
and  4,  alj'.  It  soon  becomes  a  flat  sac,  projecting  into 
the  now  largely  developed  space  between  the  suhsonal 
membrane  and  the  amnion,  nn  tfae  dorsal  side  of  the 
enibrjij  (Fig,  115,  ALC).  In  some  cases  it  extends  so 
i3A  to  cover  the  whole  inner  xxirfiice  of  the  subzonal 
membrane;  in  other  cases  again  its  extensioQ  is  much 
mori-  limited.  Its  lumen  may  be  retained  or  maj  be- 
coiot  nearly  or  wholly  aborted.  A  fusion  takes  place 
betwr.-cn  the  subzonal  membrane  and  the  adjoining 
mesoblastic  wall  of  the  allantois,  and  the  two  together 
give  rise  to  a  secondary  membrane  round  the  orum 
known  as  the  chorion.  Since  however  the  aliantois 
iloee  lint  always  come  in  contact  with  the  whole  inner 
surfaci;  of  the  subzonal  membrane  the  tenn  chonoa  i& 
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THE  CHORION. 
Fia.  116. 


Diagram  of  the  F<Br&L  Mrubranes  of  a  Maiuial.  (From 

Turner.) 
Structures  wbich  either  are  or  have  been  at  an  earlier  period 
of  development  continuoua  with  each  other  are  represented  bf 
the  same  character  of  ahadiog. 

pc  zona  with  villi;  sz.  aubzonol  membroae ;  £.  epiblast  of 
embrjo ;  am,  amniou  ;  AC.  amniotic  cavity  ;  Jf.  meaoblast 
of  embryo ;  H.  hypoblast  of  embryo  ;  UV.  umbilical  vesicle ; 
o^.  allautois ;  .iZrC.  allantoic  cavity. 

caUoD  of  the  dorsal  aorta,  and  returned  to  the  body 
by  one,  or  rarely  two,  allantoic  veins,  which  join  the 
vitelline  veins  from  the  yolk-sac.  From  the  outer  sur- 
fece  of  the  true  chorion  (Fig.  114, 5,  ch.  z,  116)  villi  grow 
out  and  fit  into  crypts  or  depressions  which  have  in  the 
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meantime  made  tlieir  apjieaxanre  in  the  walla  of  the 
uterus'.  The  villi  of  the  chorion  are  covered  by  an 
epithelium  derived  from  the  subzonal  naeinbrane,  and 
are  provided  with  a  coanective-tiasue  core  coutainicg 
an  artery  and  vein  and  a  capillary  plexus  connecting 
them.  In  most  cases  they  assume  a  more  or  less  ar- 
boresceot  form,  and  have  a  distribution  on  the  surface 
of  the  chorion  varying  characteristically  iu  diSereut 
species.  The  walls  of  the  crypts  into  wliich  the  villi 
are  fitted  also  become  highly  vasculai',  and  a  nutritive 
tiuid  passes  from  the  maternal  vessels  of  the  placenta 
to  the  fcetal  vessels  by  a  process  of  diffusion;  while 
there  is  probably  also  a  secretion  by  the  epithelial 
lining  of  the  waUs  of  the  crypts,  which  becomes  ab- 
Horbc'd  by  the  vessels  of  the  foetal  villi.  The  above 
maternal  and  fcetal  structures  constitute  together  the 
organ   known  as  the  placenta.     The  maternal  portion 
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of  the  yolk-sac  is  becoming  narrow,  a  somatic  stalk 
connecting  the  amnion  with  the  walls  of  the  embryo  is 
also  formed,  and  closely  envelopes  the  stalk  both  of  the 
allantois  and  the  yolk-sac.  The  somatic  stalk  together 
with  its  contents  is  known  as  the  umbilical  cord.  The 
mesoblast  of  the  somatopleuric  layer  of  the  cord  de- 
velops into  a  kind  of  gelatinous  tissue  which  cements 
together  the  whole  of  the  contents.  The  allantoic  ar- 
teries in  the  cord  wind  in  a  spiral  manner  round  the 
allantoic  vein.  The  yolk-sac  in  many  cases  atrophies 
completely  before  the  close  of  intra-uterine  Hfe,  but  in 
other  cases  it,  like  the  other  embryonic  membranes,  is 
%  not  removed  till  birth.  The  intra-embryonic  portion  of 
the  allantoic  stalk  gives  rise  to  two  structures,  viz.  to 
(1)  the  urinary  bladder  formed  by  a  dilatation  of  its 
proximal  extremity,  and  to  (2)  a  cord  known  as  the 
urachus  connecting  the  bladder  with  the  wall  of  the 
body  at  the  umbilicus.  The  urachus,  in  cases  where 
the  cavity  of  the  allantois  persists  till  birth,  remains  as 
an  open  passage  connecting  the  intra-  and  extra-em- 
bryonic parts  of  the  allantois.  In  other  cases  it  gradually 
closes,  and  becomes  nearly  solid  before  birth,  though  a 
delicate  but  interrupted  lumen  would  appear  to  persist 
in  it.  It  eventually  gives  rise  to  the  ligamentum  vesicae 
medium. 

At  birth  the  foetal  membranes,  including  the  foetal 
portion  of  the  placenta,  are  shed ;  but  in  many  forms 
the  interlocking  of  the  foetal  villi  with  the  uterine 
crypts  is  so  close  that  the  uterine  mucous  membrane  is 
carried  away  with  the  foetal  part  of  the  placenta.  It 
thus  comes  about  that  in  some  placentse  the  maternal 
and  foetal  parts  simply  separate  from  each  other  at  birth. 


3.'i2        EMBBYONIC  MEMBRANES  AND  rOLK-3A0.     [cHAP. 

and  that  in  others  the  two  remain  intimately  locked 
togetlit:r,  and  both  axe  shed  together  as  the  after-birth. 
Thesii  two  fonna  of  placenta  are  distinguished  as  Tum- 
deciduote  and  deciduate,  but  no  sharp  line  can  be  drawn 
betwL'fQ  the  two  types.  Moreover,  a  larger  part  of  the 
uterine  mucous  membrane  than  that  actually  entbring 
into  the  maternal  part  of  the  placenta  is  often  shed  in 
the  deciduate  Mammalia,  and  in  the  noa-deciduate 
Mammalia  it  is  probable  that  the  mucous  membrane 
(not  iocludtng  vascular  parts)  of  the  matermU  placenta 
is  either  shed  or  absorbed. 

Viiniparative  history  of  the  Mammalian  fcetal 
tnemiranes. 

Two  groups  of  Mammaha — the  Monotremata  and 
ilie  Maraupialia — are  believed  not  to  be  provided  with 
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centa  presents  a  great  variety  of  forms,  and  we  propose 
first  to  treat  the  most  important  of  these  in  succession, 
and  then  to  give  a  general  exposition  of  their  mutual 
affinities. 

The  discoidal  placenta  is  found  in  the  Bodentia, 
Insectivora,  and  Cheiroptera.  The  Babbit  may  be 
taken  as  an  example  of  this  type  of  placenta. 

The  Rabbit.  In  the  pregnant  female  Rabbit  several  ova  are 
generally  found  in  each  horn  of  the  uterus.  The  general  condi- 
tion of  the  foBtal-membranesat  the  time  of  their  full  developmelit 
is  shewn  in  Fig.  116. 

The  embryo  is  surrounded  by  the  amnion,  which  is  compara- 
tively smalL  The  yolk-sac  {d$)  is  large  and  attached  to  the 
embryo  by  a  long  stalk.  It  has  the  form  of  a  flattened  sac 
closely  applied  to  about  two-thirds  of  the  surface  of  the  subzonal 
membrane.  The  outer  wall  of  this  sac,  adjoining  the  subzonal 
membrane,  is  formed  of  hypoblast  only ;  but  the  inner  waU  is 
covered  by  the  mesoblast  of  the  area  vasculcsa,  as  indicated  by 
the  thick  black  line  (fd).  The  vascular  area  is  bordered  by 
the  sinus  terminahs  (st).  In  an  earlier  stage  of  development  the 
yolk-sac  had  not  the  compressed  form  represented  in  the  figure. 
It  is,  however,  remarkable  that  the  vascular  area  never  extends 
over  the  whole  yolk-sac ;  but  the  inner  vascular  wall  of  the  yolk- 
sac  fuses  with  the  outer  wall,  and  with  the  subzonal  membrane, 
and  so  forms  a  false  chorion,  which  receives  its  blood  supply 
from  the  yolk-sac.  This  part  of  the  chorion  does  not  develop 
vascular  villL 

The  allantois  (oQ  is  a  simple  vascular  sac  with  a  large  cavity. 
Part  of  its  wall  is  applied  to  the  subzonal  membrane,  and  gives  rise 
to  the  true  chorion  from  which  there  project  numerous  vascular 
villi  These  fit  into  corresponding  uterine  crypts.  It  seems  pro- 
bable, from  BischofiTs  and  KOlliker's  observations,  that  the  sub- 
zonal  membrane  in  the  area  of  the  placenta  becomes  attached, 
by  means  of  villi,  to  the  uterine  wall  even  before  its  fusion  with 
the  allantois.  In  the  later  periods  of  gestation  the  intermingling 
of  the  maternal  and  foetal  parts  of  the  placenta  becomes  very 
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close,  and  the  placenta  u  truly  deciduate.  The  oavity  of  tfa« 
nllaiitois  persists  till  birth.  Betweau  tho  yolk-sac,  the  allaotoic^ 
and  the  embryo,  there  is  left  a  \arge  cavity  filled  with  an  albumi- 
Qoua  Hiiid. 

Pm.  116. 
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Man.  The  early  stages  in  the  development  of  the  foetal 
membranes  in  the  human  embryo  have  not  been  satisfactorily 
observed;  but  it  is  known  that  the  ovum,  shortly  after  its 
entrance  into  the  uterus,  becomes  attached  to  the  uterine  wall, 
which  in  the  meantime  has  imdergone  considerable  preparatory 
changes.  A  fold  of  the  uterine  wall  appears  to  grow  round  the 
blastodermic  vesicle,  and  to  form  a  complete  capsule  for  it,  but 
the  exact  mode  of  formation  of  this  capsule  is  a  matter  of  infer- 
ence and  not  of  observation.  During  the  first  fortnight  of  preg- 
nancy villi  grow  out,  over  the  whole  surfEwse  of  the  ovum.  The 
further  history  of  the  early  stages  is  extremely  obscure :  what 
is  known  with  reference  to  it  will  be  found  on  p.  335  et  seq. ;  we 
will  here  take  up  the  history  at  about  the  fourth  week. 

At  this  stage  a  complete  chorion  has  become  formed,  and  is 
probably  derived  from  a  growth  of  the  mesoblast  of  the  allantois 
(unaccompanied  by  the  hypoblast)  round  the  whole  inner  surface 
of  the  subzonal  membrane.  From  the  whole  surfEtce  of  the 
chorion  there  project  branched  vascular  processes,  covered  by 
an  epithelium.  The  allantois  is  without  a  cavity,  but  a  hypo- 
blastic  epithelium  is  present  in  the  allantoic  stalk,  though 
not  forming  a  continuous  tube.  The  blood-vessels  of  the 
chorion  are  derived  from  the  usual  allantoic  arteries  and  vein. 
The  general  condition  of  the  embryo  and  of  its  membranes  at 
this  period  is  shewn  diagrammatically  in  Fig.  114^  5^  Around 
the  embryo  is  seen  the  amnion,  already  separated  by  a  consider- 
able interval  from  the  embryo.  The  yolk-sac  is  shewn  at  ds* 
Relatively  to  the  other  parts  it  is  considerably  smaller  than 
it  was  at  an  earlier  stage.  The  allantoic  stalk  is  shewn  at  al. 
Both  it  and  the  stalk  of  the  yolk-sac  are  enveloped  by  the 
amnion,  am.  The  chorion  with  its  vascular  processes  surrounds 
the  whole  embryo. 

It  may  be  noted  that  the  condition  of  the  chorion  at  this 
stage  is  very  similar  to  that  of  the  normal  diffused  type  of  pla- 
centa, described  in  the  sequeL 

While  the  above  changes  are  taking  place  in  the  embryonic 
membranes,  the  blastodermic  vesicle  greatly  increases  in  size,  and 
forms  a  considerable  projection  from  the  upper  wall  of  the 
uterus.    Three  regions  of  the  uterine  wall,  in  relation  to  the 

28—^ 
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biast^dennio  vesicle,  are  osually  distingaubad;  mmS  Ataa  ttt 

superticial  parta  of  iill  nflliiliii  iiiii  H ill  iilTwiHi  lUiwHw  Irfil^ 

each  of  them  u  called  a  deoidiu.  Thsf  •!«  iihiiwniiiIiJ  at  a 
somewhat  later  stage  in  Fig.  117.  Thon  is  (1}  th*  part  of  lb* 
^vall  ruilected  over  Uie  blaatodeimia  Tenolfl,  oallad  tbs  dMMw 
T^xa  {dr) ;  (2)  the  part  of  the  vail  foRning  ilia  ana  mnad 
which  the  reSeia  ia  inserted,  called  the  cbouhaMrofHta  (cb)  ;  (S) 
the  general  wall  of  the  utems,  not  related  to  tiia  auiLaju,  oaUad 
the  dixidua  vera  {dii). 

TIio  deddua  refleia  and  eerotina  together  envelop  ths  Aoriaa 
(Fig.  114.  D),  the  processes  of  whicli  fit  into  OTpte  ia  tfaam. 
At  this  period  both  of  them  are  high!;  and  neailT  oDiftnnalT 
v.iscuhr.  The  general  cavit;  of  the  utwiis  is  to  a  laiga  taitmA 
ubiitcrated  bj  the  ovum,  but  still  ponsta  as  a  spaoe  flUed  with 
mucua,  between  the  dccidua  refleza  fmd  the  deddoa  T<ca> 

The  changes  which  ensue  from  this  period  onwards  Bra  flillf 
kDowti.  The  amnion  continuea  to  dilate  (its  cavi^  being  fa 
filled  n-ith  amniotic  fluid)  till  it  oomee  vei7  oloee  to  flio  o~ 
(Fig.  117,  am,);  from  which,  however,  it  remains  separated  bja 
layur  tif  gelatinous  tissue.    The  villi  of  the  chorion  in  the  nsgloB 
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DiAGRAUMATio  Section  of  Pbxqhant  Huuab  Uixkdb  with 
coKTAnnED  Farna.     (From  Huxley  after  Longet) 

oL  sJlantoic  stalk;  tib.  umbilical  Tedcle;  atn.  onuiion;  cA.  cho- 
rion ;  dt.  deddua  eerotiiia ;  du.  decidua  vera ;  dr.  decidua 
refleia ;  L  fiiUopiau  tube  ;  c  cerrii  uteri ;  u.  uterus ;  i:  fmtal 
villi  of  true  placenta;  e*.  villi  of  uon-placental  part  of 
cborioD. 

The  placenta  has  a  somewhat  discoidol  form,  with  a  slightlj 
convei  uterine  Bur&ce  and  a  concave  embryonic  surfiice.  At  ita 
edge  it  is  continuoua  both  with  the  decidua  refleia  and  decidua 
vera.  Near  tbe  centre  of  the  embryonic  sur&ce  is  implanted  the 
umbilical  cord.  As  has  already  been  mentioned,  the  placenta  is 
formed  of  the  decidua  serotina  and  the  fcetal  villi  of  tbe  chorion 
irondosum-  The  fcetal  and  maternal  tissues  are  for  more  closely 
united  than  in  the  placenta  of  the  rabbit.  The  villi  of  the 
chorion,  which  were  originally  comparatively  simple,  become 
more  aud  more  complicated,  and  assume  an  extremely  arborescent 
form.    At  birth  tbe  whole  placenta,  together  with  the  fused  de- 
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ci<lii;i  voro,  aad  retle^ca,  with  which  it  is  contJQnoiu,  is  shed ;  and 
tlic  bluiHl- vessels  thua  ruptured  are  closed  bj  the  oontraction  of 
the  utfriae  walls. 

The  mctadiscoidiil  placenta  of  Man  and  Apee  and  the  discoidAl 
placenta  '>f  the  R;tl>bit  are  usually  claBsified  hy  anatomistB  as 
disc-iiJiil  pkcente,  but  it  must  be  borne  in  mind  that  thej  difier 
v.ry.ia.lr. 

In  tlio  Rabbit  there  is  a  dorsal  placenta,  which  is  co-extensive 
with  thv  area  of  contact  between  the  allantoia  and  the  aubsonal 
meiubi'ujje,  while  the  yolk-sac  adheres  to  a  large  part  of  Mm 
Hubzuiiul  merubrane.  In  Apea  and  Man  the  allantois  spreads 
ovtT  tliu  whole  inner  surface  of  the  aubzonsl  membrane  ;  tho 
plai-'Liit^i  is  on  tho  veatrol  aide  of  the  embryo,  and  occupies  only  a 
small  pnrt  of  the  surface  of  the  allantoia. 

Zonaiy  placenta.  Another  form  of  declduate  pla- 
centa is  known  as  the  zonary.  This  form  of  placenta 
ucciii)io3  a  broad  zone  of  the  chorion,  leaving  the  two 
polos  tVcL',   It  is  found  in  the  Camivora,  Hyrax,  EUephas, 
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ments  of  the  uterine  sur&ce.  The  maternal  and  foetal  structures 
beoome  closely  interlocked  and  highly  vascular ;  and  at  birth  a 
large  part  of  the  maternal  part  is  carried  away  with  the  placenta ; 
some  of  it  however  still  remains  attached  to  the  muscular  wall  of 
the  uterus.  The  zone  of  the  placenta  diminishes  greatly  in  pro- 
portion to  the  chorion  as  the  latter  elongates,  and  at  the  full 
time  the  breadth  of  the  zone  is  not  more  than  about  one-fifth  of 
the  whole  length  of  the  chorion. 

At  the  edge  of  the  placental  zone  there  is  a  very  small  portion 
of  the  uterine  mucous  membrane  reflected  over  the  non-placental 
part  of  the  chorion,  so  as  to  form  a  small  reflexa  analogous  with 
the  reflexa  in  Man. 

The  most  important  of  the  remaining  types  of  pla- 
centa are  the  diffuse  and  the  polycotyledonary,  and 
these  placentae  are  for  the  most  part  non-deciduate.  In 
the  diffuse  placenta,  found  in  the  Horse,  Pig,  Le- 
murs, etc.,  the  allantois  completely  envelopes  the  em- 
bryo, and  villi  are  formed  on  all  parts  of  the  chorion, 
excepting  over  a  small  area  at  the  two  poles. 

In  the  polycotyledonary  placenta,  which  is  charac- 
teristic of  the  Ruminantia,  the  allantois  grows  round  the 
whole  inner  surface  of  the  subzonal  membrane;  the 
placental  villi  are  however  not  xmiformly  distributed, 
but  collected  into  patches  or  cotyledons,  which  form  as 
it  were  so  many  small  placentae.  The  foetal  villi  of 
these  patches  fit  into  corresponding  pits  in  thickened 
patches  of  the  wall  of  the  uterus. 

Comparative  histology  of  ihe  Placenta, 

It  does  not  fall  within  the  province  of  this  work  to 
treat  &om  a  histological  standpoint  the  changes  which 
take  place  in  the  uterine  walls  during  pregnancy.  It 
will,  however,  be  convenient  to  place  before  the  reader 
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a  short  statement  of  the  relations  between  the  maternal 
and  frctal  tissues  in  the  different  varieties  of  placenta. 

Tiic  simplest  known  condition  of  the  placenta  is 
that  fcnmd  in  the  pig  (Fig.  118  II.).  The  papilla-like 
ftptal  villi  fit  into  the  maternal  crypts.  The  villi  (u)  are 
formed  of  a  connective  tissue  core  with  capillaries,  and 
arc  covered  by  a  layer  of  very  flat  epithelium  (e)  de- 
rived from  the  sub  zonal  membrane.  The  maternal 
cij'ptH  are  lined  by  the  uterine  epithelium  (e'),  imme- 
diately below  which  b  a  capillary  plexus.  The  maternal 
and  fietal  vessels  are  here  separated  by  a  double  epi- 
thelial layer.  The  same  general  arrangement  holds 
good  in  the  diffused  ptacent^B  of  other  forms,  and  in  the 
polycotyledonary  placenta  of  the  Ruminantia,  but  the 
fcetal  villi  in  the  latter  (III.)  acquire  an  arborescent  fonn. 
The  maternal  vessels  retain  the  form  of  capillaries. 

In    the  deciduate  placenta  a  much   more   compli- 
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Diagrammatic  Representations  of  the  Minute  Structure 
OF  THE  Placenta.    (From  Turner.) 

F.  the  foetal ;  M,  the  maternal  placenta ;  6.  epithelium  of  cho- 
rion ;  ^.  epithelium  of  maternal  plaoenta ;  d,  festal  blood- 
vessels ;  d,  maternal  blood-vessels ;  v,  villus. 

L  Placenta  in  its  most  generalized  form.  II.  Structure  of 
placenta  of  a  Pig.  IIL  Of  a  Cow.  IV.  Of  a  Fox.  V.  Of  a 
Cat 

YL  Structure  of  placenta  of  a  Sloth.  On  the  right  side  of 
the  figure  the  flat  maternal  epithelial  cells  are  shewn  in  nhi. 
On  the  left  side  they  are  removed,  and  the  dilated  maternal  vessel 
with  its  blood-corpuscles  is  exposed. 

YIL  Structure  of  Human  placenta.  In  addition  to  the  let- 
ters already  deferred  to,  cfo,  ds,  represents  the  decidua  serotina  of 
the  placenta ;  t,  t  trabecules  of  serotina  passing  to  the  festal  villi ; 
CO,  curling  artery ;  up.  utero-placental  vein  ;  x,  a  prolongation  of 
maternal  tissue  on  the  exterior  of  the  villus  outside  the  cellular 
layer  e^f  which  may  represent  either  the  endothelium  of  the 
maternal  blood-vessel  or  delicate  connective  tissue  belonging  to 
the  serotina,  or  both.  The  layer  ^  represents  maternal  cells 
derived  from  the  serotina.  The  layer  of  foetal  epithelium  cannot 
be  seen  on  the  villi  of  the  fiilly-fonned  human  placenta. 

In  the  htiman  placenta  (VII.),  as  in  that  of  Apes, 
the  greatest  modification  is  found.  Here  the  maternal 
vessels  have  completely  lost  their  capillary  form,  and 
have  become  expanded  into  large  freely  communicating 
sinuses  (d').  In  these  sinuses  the  foetal  villi  hang  for 
the  most  part  freely,  though  occasionally  attached  to 
their  walls  by  strands  of  tissue  (t).  In  the  late  stages 
of  foetal  life  there  is  only  one  epithelial  layer  (^  be- 
tween the  maternal  and  foetal  vessels,  which  closely 
invests  the  foetal  villi,  but  is  part  of  the  uterine  tissue. 
In  the  foetal  villi  the  vessels  retain  their  capillary  form. 
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Urolntioii  of  tlie  placenta,  fixcluding  the  mu- 
su])ials  whose  placentation  is  not  really  known,  tha 
arrangement  of  the  fcetal  membranes  of  the  Babbit  i» 
the  most  primitiTe  observed.  In  this  type  the  allantoil 
and  yolk-sac  both  function  in  ohbuning  natrimsnt 
from  the  mother ;  and  the  former  occupies  only  a  small 
(iiscoidal  area  of  the  sabzonal  membtaiie.  In  all  highv 
types  the  allantois  gradually  spreads  out  over  the  i^iole 
inner  surface  of  the  subzonol  mtonlmuie  and  its  im- 
portance increases ;  while  that  of  the  yolk-sac  aa  a  nu- 
tritive organ  decreases.  In  the  diffuM  type  of  jJft^flnta 
simple  villi  are  present  over  nearly  tiie  whole  soi&oe  of 
tho  chorion.  In  the  remaining  types  the  villi  beccHiw 
more  complicated  and  restricted  to  a  smallCT  ana 
(meta^-discoidal,  zonary,  &c.)  of  the  chorion;  Uuni^  in 
the  early  stages  they  are  more  scattered  and  eunpler, 
in  some  cases  occupying  nearly  the  whole  sorfiwe  of  the 


CHAPTER  XII. 

THE  DEVELOPMENT  OF  THE  ORGANS  IN   MAMMALIA. 

In  chap.  X.  we  have  described  the  early  stages  and 
general  development  of  the  mammalian  embryo.  In 
the  present  chapter  we  propose  to  examine  the  for- 
mation of  such  mammalian  organs  as  differ  in  their 
development  from  those  of  the  chick.  This  will  not  be 
a  work  of  any  considerable  extent,  as  in  all  essential 
points  the  development  of  the  organs  in  the  two  groups 
is  the  same.  They  will  be  classified  according  to  the 
germinal  layers  from  which  they  originate. 

The  organs  derived  from  the  epeblast. 

Hairs  are  formed  in  soUd  processes  of  the  deep 
(Malpighian)  layer  of  the  epidermis,  which  project  into 
the  subjacent  dermis.  The  hair  itself  arises  from  a 
comification  of  the  cells  of  the  axis  of  one  of  the  above 
processes ;  and  is  invested  by  a  sheath  similarly  formed 
from  the  more  superficial  epidermic  cells.  A  small 
papilla  of  the  dermis  grows  into  the  inner  end  of  the 
epidermic  process  when  the  hair  is  first  formed.     The 
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first  trace  of  the  hair  appears  close  to  this  papilla,  but 
soun  increases  in  length,  and  when  the  end  of  the  hair 
projects  from  the  surface,  the  original  solid  process  of 
the  e]jidermis  becomes  converted  into  an  open  pit,  the 
lumei)  of  which  is  filled  by  the  root  of  the  hair. 

Tiie  development  of  nails  has  been  already  described 
un  p.  283. 

Glands.  The  secretory  part  of  the  various  glandular 
f-tnictares  belonging  to  the  skin  is  invariably  formed 
from  the  epidermis.  In  Mammalia  it  appears  that 
these  glands  are  always  formed  as  solid  ingrowths  of  the 
Malpighian  layer.  The  ends  of  these  ingrowths  dilate 
to  form  the  true  glandular  part  of  the  organs,  while  the 
stalks  connecting  the  glandular  portions  with  the  sur- 
face form  the  ducts.  In  the  case  of  the  sweat-glands 
the  lumen  of  the  duct  becomes  first  established ;  its 
formation  is  inaugurated  by  the  appearance  of  the 
cuticle,  and  appeais  first  at  the  inner  end  of  the  dtuA. 
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The  central  nervous  system. 

The  development  of  the  spinal  cord  in  Mammals 
differs  in  no  important  respects  from  that  of  the  chick, 
and  we  have  nothing  to  add  to  the  account  we  have 
already  given  of  its  general  development  and  histoge- 
nesis in  that  animal.  The  development  of  the  brain 
however  will  be  described  at  greater  length,  and  some 
additional  facts  relative  to  the  development  of  the 
Avian  brain  will  be  mentioned. 

The  first  differentiation  of  the  brain  takes  place  in 
Mammalia  before  the  closure  of  the  medullary  folds, 
and  results  as  in  the  chick  in  the  formation  of  the  three 
cerebral  vesicles,  the  fore-,  mid-  and  hind-brain  (Fig. 
106,  B).  A  cranial  flexure  precisely  re^mbling  that  of 
the  chick  soon  makes  its  appearance. 

The  hind  brain  early  becomes  divided  into  two 
regions,  the  rudimentary  medulla  oblongata  and  cere- 
bellum. 

The  posterior  section,  the  medulla^  undergoes  changes 
of  a  somewhat  complicated  character.  In  the  first  place 
its  roof  becomes  very  much  extended  and  thinned 
out  At  the  raphe,  where  the  two  lateral  halves 
of  the  brain  originally  united,  a  separation,  as  it  were, 
takes  place,  and  the  two  sides  of  the  brain  become 
pushed  apart,  remaining  united  by  only  a  very  thin 
layer  of  nervous  matter,  consisting  of  a  single  row  of 
flattened  cells  (Fig.  40).  As  a  result  of  this  peculiar 
growth  in  the  brain,  the  roots  of  the  nerves  of  the  two 
sides,  which  were  originally  in  contact  at  the  dorsal 
summit  of  the  brain,  become  carried  away  from  one 
another,  and  appear  to  rise  at  the  sides  of  the  brain. 
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The  thin  roof  of  the  fourth  ventricle  thus  formed 
is  somewhat  rhomboidal  in  shape. 

At  a  later  period  the  blood-vesselB  of  the  pia 
mater  form  a  rich  plesus  over  the  anterior  part  of 
this  thin  roof  which  becomes  at  the  same  time  some- 
what folded.  The  whole  atructure  is  known  as  the 
tela  vasculosa  or  choroid  plexus  of  tlie  Jvurlli  ventricle 
(Fig.  119,  chd  4).  The  floor  of  the  whole  hind-brain 
becomes  thickened,  and  there  very  aoon  appears  on  its 
outer  surface  a  layer  of  longitudinal  non-medulla  ted 
nerve-fibrea,  similar  to  those  which  first  appear  on  the 
spinal  cord  (p.  252).  They  are  continuous  with  a  similar 
layer  of  fibres  ou  the  floor  of  the  mid-brain,  where 
they  constitute  the  crura  cerebri.  On  the  ventral  floor 
of  tho  fourth  ventricle  is  a  shallow  continuation  of  the 
anterior  fissure  of  the  spinal  cord. 

SulKiequentlj  to  the  longitudiuBl  fibres  olreBily  epolceii  cf. 
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lobe  with  an  arbor  vits,  into  which  the  fourth  veDtricIe 
is  prolonged.  There  are  two  small  lateral  lobes,  ap- 
parently equivalent  to  the  flocculi. 

In  Mammalia  the  cerebellum  attains  a  still  greater 
development.     The  median  lobe  or  vermiform  process 


LoNoiTUDiNAL  Sbcttion  thsoooh  the  Bbain  of  a  Chick  op 
TxN  Dats.     (After  Hibalkovica) 

hmt,  cerebral  heioispherea  ;  alf.  olfBctoi;  lobe ;  al/„  olfoctory 
nerve ;  ffgt.  corpus  Htriatuin  j  oma.  anterior  commissure  ; 
chd  3.  choroid  plexus  of  the  third  vaatricle ;  pin.  pineal 
gland ;  emp.  posterior  commissure ;  trm.  lamina  terminalia ; 
(Am.  optic  cbiaama ;  inf.  infimdibulum  ;  hph.  pituitai7  body ; 
bffm.  commiseure  of  Sylvius  (roof  of  iter  a  tertio  ad  qiiartum 
ventriculum) ;  vma.  velum  medulln  anterius  (valve  of  YieuB' 
eene) ;  cbl.  cerebellum  ;  ehd  4.  choroid  pleiua  of  the  fourth 
ventricle ;  obt  4,  roof  of  fourth  ventricle  ;  oU.  medulla  oblon- 
gata ;  pTU.  coimnissural  part  of  medulla ;  inv.  aheath  of 
brain ;  bU.  basilar  artery ;  crti.  internal  carotid. 
F.  &  B.  24 
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Ik  fire^t  developed.  In  the  higher  Ibuumalia  the  lotenl 
]i:iit.s  constituting  the  hemispheres  of  the  cerebeUom 
}joci»iii7  formed  as  swellings  at  the  sides  at  a  conaidK<- 
iibly  later  period ;  these  are  hardly  developed  in  Hie 
.Miiiiutremataand  Marsupialia. 

The  curebclhim  in  coDoected  with  the  roof  of  the  mid-brain  id 
fi'<)[it  iiiiil  with  the  choroid  plexus  of  the  fourth  ventricle  behind 
by  ili'iicnte  meinltranoue  etructures,  known  as  the  veluxa  me- 
dulliu  ijitorius  (vnlve  of  VieussenB)  (Fig.  119  vma)  and  the  velum 
iiji'iliilhu  iKiateriua. 

'I'Ih;  [mils  Varolii  is  formed  on  the  ventral  aide  of  the  floor  of 
Hll'  t'1'rt.'bellar  region  as  a  bundle  of  transveTse  fibres  at  aboufc  the 
^^imr  lime  aa  the  olivor;  bodies.  It  is  represented  in  Birds  bj 
:i  ^tiLill  number  of  trauBverse  fibres  on  the  floor  of  the  hind-brain 
liiiiLLuliiitcly  below  the  cerebellum. 

The  mid-brain.  The  changes  undergone  hy  the 
)niii-l)niin  are  simpler  than  those  of  any  other  part  of 

II  f.Tiii:*,  ..II   ill.-  ^,].|M  ;u;,ii.-.'   ...r  1L(-   crauml 
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first  visible  on  the  appearscnce  of  an  oblique  transverse 
furrow,  by  which  the  whole  mid-brain  is  divided  into  an 
anterior  and  posterior  portion.  The  anterior  portion  is 
further  divided  by  a  longitudinal  furrow  into  the  two 
anterior  tubercles  (nates);  but  it  is  not  until  later  on 
that  the  posterior  portion  is  similarly  divided  longitu- 
dinally into  the  two  posterior  tubercles  (testes). 

The  floor  of  the  mid-brain,  bounded  posteriorly  by 
the  pons  Varolii,  becomes  developed  and  thickened  into 
the  crura  cerebri.  The  corpora  geniculata  interna  also 
belong  to  this  division  of  the  brain. 

Fore-brain.  The  early  development  of  the  fore- 
brain  in  Mammals  is  the  same  as  in  the  chick.  It  forms 
at  first  a  single  vesicle  without  a  trace  of  separate 
divisions,  but  very  early  buds  oflf  the  optic  vesicles, 
whose  history  is  described  with  that  of  the  eye.  The 
anterior  part  becomes  prolonged  and  at  the  same  time 
somewhat  dilated.  At  first  there  is  no  sharp  boundary 
between  the  primitive  fore-brain  and  its  anterior 
prolongation,  but  there  shortly  appears  a  constriction 
which  passes  from  above  obliquely  forwards  and  down- 
wards. 

Of  these  two  divisions  the  posterior  becomes  the 
thalamencephalon,  while  the  anterior  and  larger  division 
forms  the  rudiment  of  the  cerebral  hemispheres  (Fig. 
39  cer)  and  olfactory  lobes.  For  a  considerable  period 
this  rudiment  remains  perfectly  simple,  and  exhibits  no 
signs,  either  externally  or  internally,  of  a  longitudinal 
constriction  dividing  it  into  two  lobes. 

The  thaJamencephalon  forms   at  first  a  simple 

vesicle,  the  walls  of  which  are  of  a  nearly  uniform  thick- 
ness and  formed  of  the  usual  spindle-shaped  cells. 

24—2 


o72      DEVELOPMENT  OF  ORGANS  IN  MAMMAl-IA-    [CHAP. 

Tlio  cavity  it  contains  is  known  as  the  third  ventricle. 
Anteriorly  it  opens  widoly  into  the  cerebral  rudiment, 
and  i"jstt:riorly  into  the  ventricle  of  the  mid-brain. 
Tin;  i)pt.-iiing  into  tlio  cerebral  rudiment  becomes  the 
|.,rai,i.>ri<jfMonru. 

¥'>T  convenience  cif  description  we  may  divide  the 
thaLiiiiencuplialon  into  three  regions,  viz.  (1)  the  floor, 
2)  tliu  sides,  and  (3)  the  roof. 

Tlie  floor  becomes  divided  into  two  parts:  an  an- 
t'li'H-  part,  giving  origin  to  the  optic  nerves,  in  -wbich  is 
tiiiiiii  il  the  optic  chiasma;  and  a  posterior  part,  which 
bi:i'uiiit.-3  produced  into  a  prominence  at  first  incon- 
spi';iiijus — -tlierudiment  of  theinfuDdibulum(Fig.  39/ti). 
'I'iii-  conits  in  contact  with  the  involution  from  the 
wliich  gives  riso  to  the   pituitary  body    (Fig. 


close  connection  be- 
fundibtilir 
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In  the  later  stages  of  development  the  unchanged 
portion  of  the  infundibulum  becomes  gradually  pro- 
longed and  forms  an  elongated  diverticulum  of  the 
third  ventricle,  the  apex  of  which  is  in  contact  with 
the  pituitary  body  (Fig.  120  hph). 

The  posterior  part  of  the  primitive  infundibulum  becomes  the 
corpus  albicans,  which  is  double  in  Man  and  the  higher  Apes ; 
the  ventral  part  of  the  posterior  wall  forms  the  tuber  cinereunL 
Laterally,  at  the  junction  of  the  optic  thalami  and  infundibulum, 
there  are  continued  soilie  of  the  fibres  of  the  cnura  cerebri,  which 
are  probably  derived  from  the  walls  of  the  infundibulum. 

The  sides  of  the  thalamencephalon  becpme  very 
early  thickened  to  form  the  optic  thalami,  which  con- 
stitute the  most  important  section  of  the  thalamen- 
cephalon. These  are  separated  on  their  inner  aspect 
from  the  infundibular  region  by  a  somewhat  S-shaped 
groove,  known  as  the  sulcus  of  Monro,  which  ends  in 
the  foramen  of  Monro.  They  also  become  secondarily 
united  by  a  transverse  commissure,  the  grey  or  middle 
commissure,  which  passes  across  the  cavity  of  the  third 
ventricle. 

The  roof  undergoes  more  complicated  changes.  It 
becomes  divided,  on  the  appearance  of  the  pineal  gland 
as  a  small  papilliform  outgrowth  (the  development  of 
which  is  dealt  with  below),  into  two  regions — a  longer 
anterior  in  front  of  the  pineal  gland,  and  a  shorter  pos- 
terior. The  anterior  region  becomes  at  an  early  period 
excessively  thin,  and  at  a  later  period,  when  the  roof  of 
the  thalamencephalon  is  shortened  by  the  approach  of 
the  cerebral  hemispheres  to  the  mid-brain,  it  becomes 
(vide  Fig.  120  chd  3)  considerably  folded,  while  at  the 
same  time  a  vascular  plexus  is  formed  in  the  pia  mater 
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above  it.  On  the  accomplishment  of  these  changes  it 
is  known  as  the  tela  choroidea  of  the  third  ventricle. 

In  the  roof  of  the  third  ventricle  behind  the  pineal 
gland  there  appear  transverse  commissural  fibres,  form- 
ing a  structure  known  as  the  posterior  conmiissure, 
which  connects  together  the  two  optic  thalami. 

The  most  remarkable  organ  in  the  roof  of  the  thala- 
mencephalon  is  the  pineal  gland,  which  is  developed  as 
a  hollow  papilliform  outgrowth  of  the  roof,  and  is  at 
first  composed  of  cells  similar  to  those  of  the  other 
parts  of  the  central  ner\'ous  system  (Fig.  120  pin).  It 
is  directed  backwards  over  the  hinder  portion  of  the 
roof  of  the  thalamencephalon. 

In  Birds  (p.  116)  the  primitive  outgrowth  to  form 
the  pineal  gland  becomes  deeply  indented  by  vascular 
connective-tissue  ingrowths,  so  that  it  assumes  a  den- 
dritic structure  (Fig.  119  pin).  The  proximal  extremity 
attached  to  the  roof  of  the  thalamencephalon  soon 
becomes  solid  and  forms  a  special  section,  known  as 
the  infira-pineal  process.  The  central  lumen  of  the 
free  part  of  the  gland  finally  atrophies,  but  the  branches 
still  remain  hollow.  The  infi:u-pineal  process  becomes 
reduced  to  a  narrow  stalk,  connecting  the  branched 
portion  of  the  body  with  the  brain. 

In  Mammalia  the  development  of  the  pineal  gland 
is  generally  similar  to  that  of  Birds.  The  original  out- 
growth becomes  branched,  but  the  foUicles  or  lobes  to 
which  the  branching  gives  rise  eventually  become  solid 
(Fig.  120  pin).  An  infira-pineal  process  is  developed 
comparatively  late,  and  is  not  sharply  separated  from 
the  roof  of  the  brain. 

No  satisfactory  suggestions  have  yet  been  offered  as 
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to  till.'  nature  of  the  piueal  gland.  It  appears  to  posses 
ill  ;il]  lornis  an  epithelial  structure,  but,  except  at  the 
liasi.'  iif  the  stalk  (iufra-pineal  process)  in  Mammalia,  in 
tin;  KiiW  of  which  tliLTt;  are  nerve-fibres,  no  nerrous 
^tniriiires  arc  present  in  it  in  the  adult  state. 

Tlie  cerebral  hemisplieres.  It  will  be  convenient 
10  tiv;it  separately  the  development  of  the  cerebral 
hemispheres  proper,  ami  that  of  the  olfactory  lobes. 

In  the  cerebral  rudiment  two  parts  may  be  dis- 
tiii_i,'iii^]it'd,viz.  the  floor  and  the  roof.  The  former  gives 
1  ise  |i>  the  ganglia  at  the  base  of  the  hemispheres,  the 
■  iirii.iia  striata,  the  latter  to  the  hemispheres  proper. 

Tile  first  change  which  takes  place  consists  in  the 
nuirjjiowiiigout  into  two  lobes,  between  which  a  shallow 
iiRiliaii  constriction  makes  its  appearance  (Fig.    121). 
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The  two  lobes  thus  formed  are  the  rudiments  of  the 
two  hemispheres.  The  cavity  of  each  of  them  opens 
by  a  widish  aperture  into  a  cavity  at  the  base  of  the 
cerebral  rudiment  which  again  opens  directly  into  the 
cavity  of  the  third  ventricle  (3  v).  The  Y-shaped  aper- 
ture thus  formed,  which  leads  from  the  cerebral  hemi- 
spheres into  the  third  ventricle,  is  the  foramen  of 
Monro.  The  cavity  (Iv)  in  each  of  the  rudimentary 
hemispheres  is  a  lateral  ventricle.  The  part  of  the 
cerebrum  which  lies  between  the  two  hemispheres,  and 
passes  forwards  from  the  roof  of  the  third  ventricle 
round  the  end  of  the  brain  to  the  optic  chiasma  below, 
is  the  rudiment  of  the  lamina  terminalis  (Figs.  121  It 
and  123  trm).  Up  to  this  point  the  development  of 
the  cerebrum  is  similar  in  all  Vertebrata,  and  in  some 
forms  it  practically  does  not  proceed  much  further. 

The  cerebral  hemispheres  undergo  in  Mammalia  the 
most  complicated  development.  The  primitive  im- 
paired cerebral  rudiment  becomes,  as  in  lower  Ver- 
tebrates, bilobed,  and  at  the  same  time  divided  by  the 
ingrowth  of  a  septum  of  connective  tissue  into  two 
distinct  hemispheres  (Figs.  125  and  124/  and  122  i). 
From  this  septum  is  formed  the  falx  cerebri  and  other 
parts. 

The  hemispheres  contain  at  first  very  large  cavities, 
communicating  by  a  wide  foramen  of  Monro  with  the 
third  ventricle  (Fig.  124).  They  grow  rapidly  in  size, 
and  extend,  especially  backwards,  and  gradually  cover 
the  thalamencephalon  and  the  mid-brain  (Fig.  122  i,/). 
The  foramen  of  Monro  becomes  very  much  narrowed 
and  reduced  to  a  mere  slit. 

The  walls  are  at  first  nearly  uniformly  thick,  but 
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WIS  or  A  Thrbk  MoHTHg'  HuiUN  Embbto:  Baturai  n 
(From  Eelliker.) 
From  above  with  the  donal  part  of  hamiBphwM  and  m 
brain  removed  ;  2,  From  below.  /  aaterior  part  of  oat  w 
of  the  henuHphere ;  /'.  coma  ftmmonis ;  tho.  aptia  tbakiin 
•  St.  corpus  striatum;  to.  optic  tract;  em.  oocpom  HHan 
laria ;  p.  pons  YaroliL 


the  floor  becomes  thickened  on  each  aide,  and  gives 
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and  the  boundary  between  them  becomes  somewhat 
obscure,  so  that  the  sharp  distinction  which  exists 
in  the  embryo  between  the  tbalamencephalon  and 
cerebral  hemispheres  becomes  lost 


Tbanbtebsb  Sbctios  thropgh  the  Brato  or  a.   Rabbit   of 

Five  Ckntikktbes.    {After  Mihalkovica) 

The  section  passes  through  ueaxly  the  posterior  border  of  the 
septum  lucidum,  immediately  in  front  of  the  foramen  of  Uonro. 

krtu.  cerebral  hemispheres ;  aal.  corpus  csUosum ;  amm.  cmnu 
ammonis  (hippocampus  major) ;  crm.  superior  commissure 
of  the  cornua  ammonis ;  tpf .  septum  lucidum  ;  fr.v  9.  anterior 
pillars  of  the  fomii ;  ema.  anterior  commissure ;  frnt.  lamina 
tOTminalis ;  ttr,  corpus  striatum ;  l^,  nucleus  leaticularis 
of  corpus  striatum;  vtr  1.  lateral  ventricle;  vtr  3.  third 
ventricle ;  ipL  slit  between  ceretn^  hemispheres. 
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The  outer  wall  of  the  hemispheres  gradually  thlck- 
eus,  while  the  inner  wall  becomes  thinner.  In  the 
latter,  two  curved  folds,  projecting  towards  the  iuterior 
of  the  lateral  ventricle,  become  formed.  These  fold^ 
extend  from  the  foramen  of  Monro  along  nearly  iha 
whole  of  what  afterwards  becomes  the  descending  coma 
of  the  lateral  ventricle.  The  upper  fold  becomes  tlio 
hippocampus  major  (comu  ammonis)  (Figs.  123  amm, 
124  and  125  h.  and  126  am). 

The  wall  of  the  lower  fold  becomes  very  thin,  and  a 
vascular  plexus,  derived  from  the  counective-tissue 
septum  between  the  hemispheres,  and  similar  to  that  of 
the  roof  of  the  third  ventricle,  is  formed  outside  it.  It 
constitutes  a  fold  projecting  into  the  cavity  of  the 
lat(.'ral  ventricle,  and  together  with  the  vascular  con- 
neutive  tissue  in  it  gives  rise  to  the  choroid  plexus  of 
the  lateral  ventricle  (Figs.  124  and  125  pi). 

It  is  clear  from  the  above  descrintion  that  a  inaiyii^i^l 
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hemispheres.  These  commissures  are  (1)  the  anterior 
commissure,  (2)  the  fomii,  and  (3)  the  corpus  callosum, 
the  two  latter  being  peculiar  to  Mammalia. 


TitAHavBBSB    SBOTioti    THBonoH  THE   Braik    of    a    Shbep'b 
Ekbrto  of  27  CK.  DT  LENOTH.     (From  KClliter.) 


U.  corpus  stri&tum ;  m.  foramen  of  Monro ;  t.  third  ventricle ; 
jii  choroid  plews  of  lateral  ventriolo ;  /.  fali  cerebri ;  th. 
anterior  part  of  optic  thalamuB  ;  <A.  optic  chiasma ;  o.  optic 
neiTO ;  e.  fibres  of  the  cerebral  peduncles ;  h.  comu  om- 
monis ;  p.  pharynx ;  to.  pre^spheooid  bone  ;  a,  orbito- 
sphenoid  bone  ;  t.  points  to  part  of  the  roof  of  the  brain  at 
the  junction  between  the  roof  of  the  third  ventricle  and 
the  lamina  t«nninaJia  -  I.  lateral  ventricle^ 
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By  the  fusion  of  the  inner  walls  of  the  bemispherea 
in  front  of  the  lamina  termiaalis  a  solid  septum  is 
formed,  continuons  behind  with  the  lamina  terminalis, 
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and  below  with  the  corpora  striata  (Figs.  120  and  123  spt). 
It  is  by  a  series  of  differentiations  within  this  septum^ 
the  greater  part  of  which  gives  rise  to  the  septum  luci- 
dum,  that  the  above  commissures  originate.  In  Man 
there  is  a  closed  cavity  left  in  the  septum  known  as  the 
fifth  ventricle,  which  has  however  no  communication 
with  the  true  ventricles  of  the  brain. 

In  this  septum  there  become  first  formed,  below  and 
behind,  the  transverse  fibres  of  the  anterior  commissure 
(Fig.  120  and  Fig.  123  cma),  while  above  and  behind 
these  the  vertical  fibres  of  the  fornix  are  developed 
(Fig.  120  and  Fig.  125  frx  2).  The  vertical  fibres  meet 
above  the  foramen  of  Monro,  and  thence  diverge  back- 
wards, as  the  posterior  pillars,  to  lose  themselves  in  the 
comu  ammonis  (Fig.  123  amm),  Ventrally  they  are 
continued,  as  the  descending  or  anterior  pillars  of  the 
fornix,  into  the  corpus  albicans,  and  thence  into  the 
optic  thalami*. 

The  corpus  callosum  is  not  formed  till  after  the 
anterior  commissure  and  fornix.  It  arises  in  the  upper 
part  of  the  septum  formed  by  the  fusion  of  the  lateral 
walls  of  the  hemispheres  (Figs.  120  and  123  cal),  and 
at  first  only  its  curved  anterior  portion — the  genu  01 
rostrum — is  developed.  This  portion  is  alone  found 
in  Monotremes  and  Marsupials.  The  posterior  portion, 
which  is  present  in  all  the  Monodelphia,  is  gradually 
formed  as  the  hemispheres  are  prolonged  further  back- 
wards. 

^  Becent  observations  tend  to  show  that  the  anterior  pillars  of  the 
fornix  end  in  the  corpus  albicans ;  and  that  the  fibres  running  &om 
the  latter  into  the  optic  thalami  are  independent  of  the  anterior 
pillars. 
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Primitively  the  MammaJian  cerebrum,  like  that  of 
the  lower  Vertebrata,  is  quite  smooth.  In  some  of  the 
ManimaliiL,  Monotremala,  Insectivora,  etc.,  ibis  coodicton 
is  retained  nearly  throughout  life,  while  in  the  majority  ol 
Mammalia  a  more  or  less  complicated  system  of  fissiirva 


Lateral  Vixw  or  THE  Bbaih  oi'  a  Cau  Embryo   or  5  cw. 

(After  Mihalkovioa.) 
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shallow  depression  which  constitutes  the  first  trace  of 
the  Sylvian  fissure.  The  part  of  the  brain  lying  in  this 
fissure  is  known  as  the  island  of  ReiL 

The  fissures  of  the  cerebrum  may  be  divided  into  two  classes ; 
(I)  the  primitive,  (2)  the  secondary  fissures.  The  primitiye  fissures 
are  the  first  to  appear ;  they  owe  their  origin  to  a  folding  of  the 
entire  wall  of  the  cerebral  vesicles.  Many  of  them  are  transient 
structures  and  early  disappear.  The  most  important  of  those 
which  persist  are  the  hippocampal,  the  parieto-occipital,  the 
calcarine  (in  Man  and  Apes)  sulci  and  the  Sylvian  fissures. 
The  secondary  fissures  appear  later,  and  are  due  to  folds  which 
implicate  the  cortex  of  the  hemispheres  only. 

The  ol&ctory  lobes.  The  olfactory  lobes,  or  rhinen- 
cephala,  are  secondary  outgrowths  of  the  cerebral  hemi- 
spheres, and  contain  prolongations  of  the  lateral  ven- 
tricles, which  may  however  be  closed  in  the  adult  state ; 
they  arise  at  a  fairly  early  stage  of  development  from 
the  under  and  anterior  part  of  the  hemispheres  (Fig. 
127). 

Histogenetic  changes.  The  walls  of  the  brain  are 
at  first  very  thin  and,  like  those  of  the  spinal  cord,  are 
formed  of  a  number  of  ranges  of  spindle-shaped  cells. 
In  the  floor  of  the  hind-  and  mid-brain  a  superficial 
layer  of  delicate  nerve-fibres  is  formed  at  an  early 
period.  This  layer  appears  at  first  on  the  floor  and 
sides  of  the  hind-brain,  and  almost  immediately  after- 
wards on  the  floor  and  the  sides  of  the  mid-brain. 
The  cells  internal  to  the  nerve-fibres  become  diflferen- 
tiated  into  an  innermost  epithelial  layer  lining  the 
cavities  of  the  ventricles,  and  an  outer  layer  of  grey 
matter. 

The  similarity  of  the  primitive  arrangement  and 
F.  &  B.  25 
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Section  theocor  the  BaAiu  and  OiFAgroBT  Oroan  op  aH 
Embbto  of  Sctlwom. 

i'k.  cerebral  henuBplierea ;  ol.v.  olfactory  vesicle ;  cJf.  oUactorj 
[lit;  ScK  SchneidBrian  foliia;  /.  olfactory  nerve  (the  refMvncw 
line  hna  been  accidentally  carried  through  the  nerve  so  as  to 
aiipeor  to  indicate  the  brain) ;  pn.  anterior  prolongatian  of 
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the  crura  cerebri  soon  interpose  themselves.  At  a 
slightly  later  period  a  thin  superficial  layer  of  white 
matter,  homologous  with  that  of  the  remainder  of  the 
brain,  becomes  established. 

The  inner  layer,  together  with  the  fibres  firom  the 
crura  cerebri,  gives  rise  to  the  major  part  of  the  white 
matter  of  the  hemispheres  and  to  the  epithelium  lining 
the  lateral  ventricles. 

The  outer  layer  of  rounded  cells  becomes  divided 
into  (1)  a  superficial  part  with  comparatively  few  cells, 
which,  together  with  its  coating  of  white  matter,  forms 
the  outer  part  of  the  grey  matter,  and  (2)  a  deeper 
layer  with  numerous  cells,  which  forms  the  main  mass 
of  the  grey  matter  of  the  cortex. 

The  eyes.  The  development  of  the  Mammalian  eye 
is  essentially  similar  to  that  of  the  chick  (ch.  VI.)  There 
are  however  two  features  in  its  development  which  de- 
serve mention.  These  are  (1)  the  immense  foetal  develop- 
ment of  the  blood-vessels  of  the  vitreous  humour  and 
the  presence  in  the  embryo  of  a  vascular  membrane  sur- 
rounding the  lens,  known  as  the  membrana  capsule- 
pupillaris,  (2)  the  absence  of  any  structure  comparable 
to  the  pecten,  and  the  presence  of  the  arteria  centralis 
retinae. 

In  the  invagination  of  the  lens  (rabbit)  a  thin 
layer  of  mesoblast  is  carried  before  it,  and  is  thus 
transported  into  the  cavity  of  the  vitreous  humour. 
In  the  folding  in  of  the  optic  vesicle  which  accom- 
panies the  formation  of  the  lens  the  optic  nerve  is 
included,  and  on  the  development  of  the  cavity  of  the 
vitreous  humour  an  artery,  running  in  the  fold  of 
the  optic  nerve,  passes  through  the  choroid  slit  into  the 
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branches  to  the  retina,  and  becomes  known  as  the 
arteria  centralis  retince.  It  is  homologous  with  the 
arterial  limb  of  the  vascular  loop  projecting  into  the 
vitreous  humour  in  Birds. 

Before  becoming  enveloped  in  the  optic  nerve  this 
artery  is  continued  through  the  vitreous  humour  (Fig. 
128),  and  when  it  comes  in  close  proximity  to  the  lens 
it  divides  into  a  number  of  radiating  branches,  which 
pass  round  the  edge  of  the  lens,  and  form  a  vascular 
sheath  which  is  prolonged  so  as  to  cover  the  anterior 
wall  of  the  lens.  In  jQront  of  the  lens  they  anastomose 
with  vessels,  coming  from  the  iris,  many  of  which  are 
venous,  and  the  whole  of  the  blood  jfrom  the  arteria 
centralis  is  carried  away  by  these  veins.  The  vascular 
sheath  surrounding  the  lens  is  the  meinbrana  capstdo- 
papillaris.  The  posterior  part  of  it  is  either  formed 
simply  by  branches  of  the  arteria  centralis,  or  out 
of  the  mesoblast  cells  involuted  with  the  lens.  The 
anterior  part  of  the  vascular  sheath  is  however  enclosed 
in  a  very  delicate  membrane,  the  membrana  pupillaris, 
continuous  at  the  sides  with  the  membrane  of  Descemet. 

The  membrana  capsulo-pupillaris  is  simply  a  pro- 
visional embryonic  structure,  subserving  the  nutrition 
of  the  lens. 

In  many  forms,  in  addition  to  the  vessels  of  the 
vascular  capsule  round  the  lens,  there  arise  from  the 
arteria  centralis  retinae,  just  after  its  exit  from  the  optic 
nerve,  provisional  vascular  branches  which  extend  them- 
selves in  the  posterior  part  of  the  vitreous  humour. 
Near  the  ciliary  end  of  the  vitreous  humour  they  anas- 
tomose with  the  vessels  of  the  membrana  capsulo-pu- 
pillaris. 
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The  choroid  sHt  closes  very  early,  and  is  not  per- 
linati.ll  by  any  stnicture  homologous  with  the  pecteD. 
'J'lu'  only  part  of  the  slit  which  can  be  said  to  remain 
ii[)iiL  i^  that  ill  which  the  optic  nerve  ia  involved  ;  in  the 
ci'iitrt'  of  the  latter  is  situatfid  the  arteria  centralis 
ntiii:i'  as  explainod  above.  From  thb  artery  there 
^ruw  out  the  vessels  to  supply  tho  retina,  which  however 
;uv  distinct  from  the  provisional  vessels  of  the  vitreous 
humour  just  described,  the  blood  being  returned  from 
Ihi'iii  by  veins  accompanying  the  arteries.  Od  the 
alruphy  of  the  provisional  vessels  the  whole  of  the  blood 
u!'  Uii;  arteria  ceutralis  passes  into  the  retina. 

Of  the  cornea,  aqueous  humour,  eyelids  and  lacr^'nial 

iliK  c  110  mention  need  here  bo  made,  the  account  given  in 

Tail  I.  being  applicable  equally  to  mammalian  embryos. 

Tlie  auditory  organ.    In    Mammals,   as   we   have 

Ki ,  [1  Id  bo  the  case  in  the  chick  (chap,  v I.),  the  auditory 
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Fio.  129. 


Transvbrse  Section  of  the  Head  of  a  Fobtai^  Sheep 
(16  Hu.  IN  length)  in  the  region  of  the  Hind-Brain. 
(After  BOttcher.) 

HB.  the  hind-brain.  The  section  is  somewhat  oblique,  hence 
while  on  the  right  side  the  connections  of  the  recessus  vestibuli 
KL.y  and  of  the  commencing  vertical  semicircular  canal  V.B.y 
and  of  the  ductus  cochlearis  CC,  with  the  cavity  of  the  primary 
otic  vesicle  are  seen  :  on  the  left  side,  only  the  extreme  end  of  the 
ductus  cochlearis  CC,  and  of  the  semicircular  canal  V,B,  are  shewn. 

Lying  close  to  the  inner  side  of  the  otic  vesicle  is  seen  the 
cochlear  ganglion  QC ;  on  the  left  side  the  auditory  nerve  O'  and 
its  connection  N  with  the  hind-brain  are  also  shewn. 

Below  the  otic  vesicle  on  either  side  lies  the  jugular  vein. 
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caual  ((7(7)  becomes  longer  and  curved ;  its  imiar  and 
concave  surface  being  lined  by  a  Hack  layer  of  txiwaamt 
epiblast  The  recessus  labyiisthi  also  mcreuea  in 
length,  and  just  belov  the  point  where  the  bnlgings  to 
form  the  vertical  Bemidrcular  canals  are  sttoated,  tluse 
is  formed  a  fresh  protuberance  for  the  hoiiaontal  Benu- 

Fis.  ISO. 
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circular  canal.  At  the  same  time  the  central  parts  of 
the  walls  of  the  flat  bulgings  of  the  vertical  canals  grow 
together,  obliterating  this  part  of  the  lumen,  but  leaving 
a  canal  round  the  periphery;  and,  on  the  absorption  of 
their  central  parts,  each  of  the  original  simple  bulgings 
of  the  wall  of  the  vesicle  becomes  converted  into  a  true 
semicircular  canal,  opening  at  its  two  extremities  into 
the  auditory  vesicle.  The  vertical  canals  are  first  es- 
tablished and  then  the  horizontal  canaL 

Shortly  after  the  formation  of  the  rudiment  of  the 
horizontal  semicircular  canal  a  slight  protuberance  be- 
comes apparent  on  the  inner  commencement  of  the 
cochlear  canal.  A  constriction  arises  on  each  side  of 
the  protuberance,  converting  it  into  a  prominent  hemi- 
spherical projection,  the  saccvlus  hemisphericus  (Fig. 
131  SR). 

The  constrictions  are  so  deep  that  the  sacculus  is 
only  connected  with  the  cochlear  canal  on  the  one  hand, 
and  with  the  general  cavity  of  the  auditory  vesicle  on 
the  other,  by,  in  each  case,  a  narrow  short  canal.  The 
former  of  these  canals  (Fig.  131  6)  is  known  as  the 
canalis  reuniens. 

At  this  stage  we  may  call  the  remaining  cavity  of 
the  original  otic  vesicle,  into  which  all  the  above  parts 
open,  the  utrictUus. 

Soon  after  the  formation  of  the  sacculus  hemispheri- 
cus, the  cochlear  canal  and  the  semicircular  canals 
become  invested  with  cartilage.  The  recessus  labyrinthi 
remains  however  still  enclosed  in  undiflFerentiated  meso- 
blast. 

Between  the  cartilage  and  the  parts  which  it  sur- 
rounds there  remains  a  certain  amount  of  indifferent 
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semicircular  canal ;  b,  canalis  reuniens  ;  a.  constriction  by 
means  of  which  the  sacculus  hemisphericus  S.R,  is  formed  ; 
/.  narrowed  opening  between  sacculus  hemisphericus  and 
utriculus;  C.C.  cochlea;  C.C^  lumen  of  cochlea;  K.K. 
cartilaginous  capsule  of  cochlea ;  K,B,  basilar  plate ;  Ch, 
notochord. 

connective  tissue,  which  is  more  abundant  around  the 
cochlear  canal  than  around  the  semicircular  canals. 

As  soon  as  they  have  acquired  a  distinct  connective- 
tissue  coat,  the  semicircular  canals  begin  to  be  dilated 
at  one  of  their  terminations  to  form  the  ampullae.  At 
about  the  same  time  a  constriction  appears  opposite  the 
mouth  of  the  recessus  labyrinthi,  which  causes  its  open- 
ing to  be  divided  into  two  branches — one  towards  the 
utriculus  and  the  other  towards  the  sacculus  hemispheri- 
cus ;  and  the  relations  of  the  parts  become  so  altered 
that  communication  between  the  sacculus  and  utriculus 
can  only  take  place  through  the  mouth  of  the  recessus 
labyrinthi  (Fig.  132). 

When  the  cochlear  canal  has  come  to  consist  of  two 
and  a  half  coils,  the  thickened  epithelium  which  lines 
the  lower  surface  of  the  canal  forms  a  double  ridge 
jfrom  which  the  organ  of  Gorti  is  subsequently  de- 
veloped. Above  the  ridge  there  appears  a  delicate 
cuticular  membrane,  the  membrane  of  Corti  or  m^em- 
brana  tectoria. 

The  epithelial  walls  of  the  utricle,  the  saccule,  the 
recessus  labyrinthi,  the  semicircular  canals,  and  the 
cochlear  canal  constitute  together  the  highly  complicated 
product  of  the  original  auditory  vesicle.  The  whole 
structure  forms  a  closed  cavity,  the  various  parts  of 
which  are  in  &ee  communication.     In  the  adult  the 
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i\\n<]    present  in  this   cavity  is  known   as    the   endo- 
lymph. 

In  the  meaoblast  Ijnng  between  these  parts  and  the 
cartilage,  which  at  this  period  envelopes  them,  Ij-mphatU 
spacL's    become    established,   which    exe    paitiallf  d»  i 
vi?lo|}ed  iu  the  Saiiropsida,  but  become  in  Mmnmafa 
very  important  structures. 

1'hey  consist  in  Mammals  partly  of  a  space  »ai» 
rounding  the  utricle  and  saccule  and  called  the  vestibule^ 
into  which  open  spaces  surrounding  the  eemioirculftr 
canals,  and  partly  of  two  very  definite  channels,  wbidi 
largely  embrace  between  them  the  cochlear  canaL  The 
latter  cbanuela  form  the  acala  nestihuU  on  the  upper  side 
of  the  cochlear  canal  and  the  scala  tt/mpani  on  the  lower. 
The  scala  vestibuli  is  in  free  commumcation  with  Ihfl 
lymphatic  ca\-ity  surrounding  the  utricle  and  saccule, 
and  opens  at  the  apex  of  the  cochlea  into  the  scala  tym- 
poni.     The  latter  ends  blindlv  at  the  fenestra  rotuiui^ 
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The  cochlear  amai,  which  is  often  known  as  the 
scala  media  of  the  cochlea,  becomes  compressed  on  the 
formation  of  the  scalse  so  as  to  be  triangular  in  section, 
with  the  base  of  the  triangle  outwards.  This  base  is 
only  separated  from  the  surrounding  cartilage  by  a 
narrow  strip  of  firm  mesoblast,  which  becomes  the  stria 
vascularis,  etc.  At  the  angle  opposite  the  base  the  coch- 
lear canal  is  joined  to  the  cartilage  by  a  narrow  isthmus 
of  firm  material,  which  contains  nerves  and  vessels.  This 
isthmus  subsequently  forms  the  lamina  spiralis,  separ- 
ating the  scala  vestibuli  jQrom  the  scala  tympani. 

The  scala  vestibuli  lies  on  the  upper  border  of  the 
cochlear  canal,  and  is  separated  from  it  by  a  very  thin 
layer  of  mesoblast,  bordered  on  the  cochlear  aspect  by 
flat  epiblast  cells.  This  membrane  is  called  the  mem- 
brane of  Beissner.  The  scala  tympani  is  separated  firom 
the  cochlear  canal  by  a  thicker  sheet  of  mesoblast,  called 
the  basilar  membrane,  which  supports  the  organ  of 
Corti  and  the  epithelium  adjoining  it.  The  upper  ex- 
tremity of  the  cochlear  canal  ends  in  a  blind  extremity 
called  the  cupola,  to  which  the  two  seals  do  not  for 
some  time  extend.  This  condition  is  permanent  in 
Birds,  where  the  cupola  is  represented  by  a  structure 
known  as  the  lagena  (Fig.  132,  IL  L).  Subsequently 
the  two  scalae  join  at  the  extremity  of  the  cochlear 
canal ;  the  point  of  the  cupola  still  however  remains  in 
contact  with  the  bone,  which  has  now  replaced  the 
cartilage,  but  at  a  still  later  period  the  scala  vestibuli, 
growing  further  round,  separates  the  cupola  from  the 
adjoining  osseous  tissue. 

Accwsory  auditory  structures.  The  development 
of  the   Eustachian   tube,  tympanic  cavity,  tympanic 
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fiRAMS    OF    TSE    UCUDRASOOB    L&BTBIMTH.      (From   Gegori 
I.     Fiah.  IL     Bird.  III.     MftinniaL 
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to  the  fenestra  ovalis.  These  ossicles,  which  arise 
mainly  from  the  mandibular  and  hyoid  arches  (vide 
p.  403),  are  at  first  imbedded  in  the  connective  tissue  in 
the  neighbourhood  of  the  tympanic  cavity,  but  on  the 
fall  development  of  this  cavity,  become  apparently 
placed  within  it,  though  really  enveloped  in  the  mucous 
merobrane  lining  it 

Nasal  organ.  In  Mammalia  the  general  formation 
of  the  anterior  and  posterior  nares  is  the  same  as  in 
Birds;  but  an  outgrowth  from  the  inner  side  of  the 
canal  between  the  two  openings  arises  at  an  early  period ; 
and  becoming  separate  from  the  posterior  nares  and 
provided  with  a  special  opening  into  the  mouth,  forms 
the  organ  of  Jacobson.  The  general  relations  of  this 
organ  when  ftilly  formed  are  shewn  in  Fig.  133. 

Fia.  133. 


Section  through  the  Nasal  CAvmr  and  Jacobson'b  Organ. 

(From  Gegenbaur.) 

«7i.  septum  nasi ;  en,  nasal  cavity ;  J.  Jacobson's  organ  ;  d,  edge 

of  upper  jaw. 


lias  not  boon  thoroughly  \\ 
over  but  little  doubt  that  ii 
tion    arises  in   continuity   a 
ganglia. 

The  later  history  of  the  s 
mately  bound  up  with  that  ol 
bodies,  the  medullary  part  of 
below,  derived  from  the  peripi 
thetic  system. 

THE  ORGANS  DERIVED  1 

The  vertebral  colnmn.    Th 

the  perichordal  cartilaginous 
neural  arches  is  almost  the  sa 
Birds.  The  differentiation  int 
vertebral  regions  is  the  same  in  l 
of  becoming  divided  as  in  Bii 
attached  to  two  adjoining  vert( 
regions  become  in  Mammals  w 
intervertebral  Ugaments  (Fifr  i  ^ 
centres  ^^  ' 
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the  intervertebral  regiona  it  remaioB  relatively  uncoD- 
stricted  (Figs.  134  and  135  c)  and  after  undergoing 
certain  histological  changes  remains  through  life  as  part 
of  the  nucleus  pulposus  in  the  axis  of  the  intervertebral 
ligaments.  There  is  also  a  slight  swelling  of  the  noto- 
chord  near  the  two  extremities  of  each  vertebra  (Fig. 
135  c'  and  c"). 

In  the  pereistent  vertebral  constrictioa  of  the  Dotocbord 
Maminftlii  retiua  a  more  {arimitive  and  piadne  mode  of  formation 
of  the  vertebral  colomu  than  the  m^oritj  either  of  the  Beptilia 
or  Amphibia. 

Fio.  134. 


LoMGnUDINAL  SECnON  THROUGH  THE  VeRTEBEAI.  COLDUN 
OP  AH  ElQHT  WIBKB'  HDUAN  EllBBTO  IN  THE  THO- 
RACIC Beoion.     (From  EOlliker.) 

V.  cartilaginous  vertebral  body ;  li,  interrertebnll  ligament ; 
eL  notochord. 

Tlie  skull.  Excepting  in  the  absence  of  the  inter- 
orbital  plate,  the  early  development  of  the  Mamma- 
lian cranium  resembles  in  all  essential  points  that  of 
Avea,  to  our  account  of  which  on  p.  235  et  seq.  we  refer 
the  reader. 


LoHQitDDiNAL  Section  throdob  the 

MKNT  AND  ADJACBNT   PaHTS    OF   Tv 

Thoracid  Region  op  an  ADVAyci 
(From  KiJlliker,) 
la.  ligftmentum  loagitudinale  antorius  ; 
teriufl  ;  li.  ligamentum  intervertel 
vertebra ;  w.  tuid  vf.  anterior  and  ) 
tervertebral  dilatation  of  notochord 
latation  of  notochord. 


XII.]  MANDIBULAB  AND  HYOID  ARCHES.  403 

The  skeletal  bars  of  both  the  hyoid  and  mandibular 
arches  develop  at  first  more  completely  than  in  any 
of  the  other  types  above  Fishes ;  they  are  articulated  to 
each  other  above,  while  the  pterygo-palatine  bar  is 
quite  distinct 

The  main  features  of  the  subsequent  development 
are  undisputed,  with  the  exception  of  that  of  the  upper 
end  of  the  hyoid,  which  is  still  controverted.  The 
following  is  Parker  s  account  for  the  Pig. 

The  mandibular  and  hyoid  arches  are  at  first  very 
similar,  their  dorsal  ends  being  somewhat  incurved,  and 
articulating  together. 

In  a  somewhat  later  stage  (Fig.  136)  the  upper  end 
of  the  mandibular  bar  (mb),  without  becoming  segmented 

Pio.  136. 


Embryo  Pig,  an  inch  and  a  thibd  long  ;  Side  View  op 
Mandibular  and  HTom  Arches.  The  Main  Htoid 
Arch  is  seen  as  displaced  backwards  after  Segmen- 
tation from  the  Incus.    (From  Parker.) 

tg.  tongue  ;  mJt.  Meckelian  cartilage  ;  ml.  body  of  malleus ;  mb. 
manubrium  or  handle  of  the  malleus ;  tty.  tegmen  tjmpani ; 
1.  incus  ;  st.  stapes ;  t.Ay.  interhjal  ligament ;  gt.h.  stjlohyal 
cartilage  ;  Lh.  hypohyal ;  6.A.  basibranchial ;  th.h.  rudiment 
of  first  branchial  arch  ;  7a.  facial  nerve. 

26—2 


_^wv;a  into  two  parts,  an  u] 
becomes  one  of  the  small  b 
and  a  lower  part  which  rei 
of  the  hyoid  (8t.h).    The  t^ 
nected  by  a  ligament 

The  incus  is  articulated 
the  mandibular  arch,  and  it 
contact  with  the  stapes  (Fig. 
from  the  fenestra  ovalis. 

According  to  some  authors  the  6 
from  mesoblast  cells  surrounding  a 
artery. 

The  main  arch  of  the  hyc 
a  hypohyal  {h,h)  below  and  a  s 
also  becomes  articulated  with 
arch  behind  (bh). 

In  the  course  of  further  de^ 

part  of  the  mandibular  arch 

superficial  ossification  forming 

end,  adjoining  the  nn«''- 
—  ^    • 
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gracilis  of  the  malleus  is  the  primitive  contmuation  into 
Meckel's  cartilage. 

The  malleus  and  incus  are  at  first  embedded  in  the 
connective  tissue  adjoining  the  tympanic  cavity,  which 
with  the  Eustachian  tube  is  the  persistent  remains  of 
the  hyomandibular  cleft ;  and  externally  to  them  a  bone 
known  as  the  tympanic  bone  becomes  developed  so  that 
they  become  placed  between  the  tympanic  bone  and  the 
periotic  capsule.  In  late  foetal  life  they  become  trans- 
ported completely  within  the  tympanic  cavity,  though 
covered  by  a  reflection  of  the  tympanic  mucous  mem- 
brane. 

The  dorsal  end  of  the  part  of  the  hyoid  separated 
from  the  incus  becomes  ossified  as  the  tympano-hyal, 
and  is  anchylosed  with  the  adjacent  parts  of  the  periotic 
capsule.  The  middle  part  of  the  bar  just  outside  the 
skull  forms  the  stylo-hyal  (styloid  process  in  man)  which 
is  attached  by  ligament  to  the  anterior  comu  of  the 
hyoid  (cerato-hyal).  The  tympanic  membrane  and  ex- 
ternal auditory  meatus  develop  as  in  the  chick  (p.  166). 

The  ribs  and  Stemnm  appear  to  develop  ia  Mammals  as  in 
Birds  (p.  234). 

The  pectoral  girdle,  as  in  Birds  (p.  234),  arises  as  a  con- 
tinuous plate  of  cartilage,  the  coracoid  element  of  which  is  how- 
ever much  reduced. 

The  clavicle  in  Man  is  provided  with  a  central  axis  of  car- 
tilage, and  its  mode  of  ossification  is  intermediate  between  that  of 
a  true  cartilage  bone  and  a  membrane  bone. 

The  pelvic  girdle  is  formed  in  cartilage  as  in  Birds,  but  in  Man 
at  any  rate  the  pubic  part  of  the  cartilage  is  formed  independently 
of  the  remainder.  There  are  the  usual  three  centres  of  ossification^ 
which  unite  eventually  into  a  single  bone — ^the  innominate  bone. 
The  pubis  and  ischium  of  each  side  unite  ventrally,  bo  as  com- 
pletely to  enclose  the  obturator  foramen. 


%^*Jt 
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viuy   and    its    subseque 
pleural  and  peritoneal  ca\ 
Mammalia  as  in  Aves  (p. 
malia  a  further  change  tak 
mation  of  a  vertical  parti  t 
known  as  the  diaphragm,  tl 
ing  the  lungs,  become  isola 
the  body  or  peritoneal  cav. 
development  the  so-called  j 
simply  the  peritoneal  linings 
of  the  body  cavity,  shut  oflf  fr 
body  cavity  by  the  diaphragm. 

Ths  vascular 

The  heart.    The  two  tub 

is  formed  appear  at  the  side 
opposite  the  region  of  the  mi 
107).  They  ^rise  at  a  time 
which  form  the  ventral  wall  c 
becoming  visiW**     ^ 
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and  downwards,  and  eventually  meet  on  the  ventral 
side  of  the  throat.  For  a  short  time  they  here  remain 
distinct,  but  soon  coalesce  into  a  single  tube. 

In  Birds,  it  will  be  remembered,  the  heart  at  first  has  the 
form  of  two  tubes,  which  however  are  in  contact  in  front.  It 
arises  at  a  time  when  the  formation  of  the  throat  is  very  much 
more  advanced  than  in  Mammalia ;  when  in  fact  the  ventral 
wall  of  the  throat  is  established  as  far  back  as  the  frt>nt  end  of 
the  heart. 

In  the  lower  types  the  heart  does  not  appear  till  the  ventral 
wall  of  the  throat  is  completely  established,  and  it  has  frt>m  the 
first  the  form  of  a  single  tube. 

It  is  therefore  probable  that  the  formation  of  the  heart  as  two 
cavities  is  a  secondary  mode  of  development,  which  has  been 
brought  about  by  variations  in  the  period  of  the  closing  in  of  the 
wall  of  the  throat. 

The  later  development  of  the  heart  is  in  the  main  similar  to 
that  of  the  chick  (p.  256  et  seq.). 

The  arterial  system.  The  early  stages  of  the 
arterial  system  of  Mammalia  are  similar  to  those  in 
Birds.  Five  arterial  arches  are  formed,  the  three  poste- 
rior of  which  wholly  or  in  part  persist  in  the  adult. 

The  bulbus  arteriosus  is  divided  into  two  (fig.  137 
B),  but  the  left  fourth  arch  {e),  instead  of,  as  in  Birds, 
the  right,  is  that  continuous  with  the  dorsal  aorta,  and 
the  right  fourth  arch  (i)  is  only  continued  into  the  right 
vertebral  and  right  subclavian  arteries. 

The  fifth  pair  of  arches  which  is  continuous  with 
one  of  the  divisions  of  the  bulbus  arteriosus  gives  origin 
to  the  two  pulmonary  arteries.  Both  these  however  are 
derived  from  the  arch  on  one  side,  viz.  the  left  (fig.  137 
B);  whereas  in  Birds,  one  pulmonary  artery  comes  from 
the  left  and  the  other  from  the  right  fifth  arch  (fig. 
137  A). 


arterial  arches  undergo  in  Birds 


DlAORAUB    ILLDBTBATIKQ    THE    MeTAMI 

TERiAL  Arches  is  a  Bird  A.  a: 

(From  Mivart  after  Ra 

A.  a.  iatemal  carotid  ;   b.  eiteroal  carot 

d.  ByBtemio  aorta  ;  e.  fourth  arch  of  i 
aorta)  ;  /.  right  Bubclavian  ;  ff.  don 
vian  (fourth  arch  of  left  side) ;  i.  pu 
I.  right  and  left  ductufl  Botalli  of  pul 
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In  some  Mammals  both  subclavians  spring  from 
a  trunk  common  to  them  and  the  carotids  (arteria 
anonyma) ;  or  as  in  Man  and  some  other  Mammals, 
the  left  one  arises  from  the  systemic  aorta  just  beyond 
the  carotids.  Various  further  modifications  in  the  origin 
of  the  subclavians  are  foimd  in  Mammalia,  but  they 
need  not  be  specified  in  detail.  The  vertebral  arteries 
arise  in  close  connection  with  the  subclavians,  whereas 
in  Birds  they  arise  from  the  common  carotids. 

The  venous  system.  In  Mammals  the  same  venous 
trunks  are  developed  in  the  embryo  as  in  Birds  (Fig. 
138  A).  The  anterior  cardinals  or  external  jugulars 
form  the  primitive  veins  of  the  anterior  part  of  the 
body,  and  the  internal  jugulars  and  anterior  vertebrals 
are  subsequently  formed.  The  subclavians  (Fig.  138 
A,  8),  developed  on  the  formation  of  the  anterior  limbs, 
also  pour  their  blood  into  these  primitive  trunks.  In 
the  lower  Mammalia  (Monotremata,  Marsupialia,  Insec- 
tivora,  some  Rodentia,  etc.)  the  two  ductus  Cuvieri 
remain  as  the  two  superior  vense  cavse,  but  more  usually 
an  anastomosis  arises  between  the  right  and  left  in- 
nominate veins,  and  eventually  the  whole  of  the  blood 
of  the  left  superior  cava  is  carried  to  the  right  side,  and 
there  is  left  only  a  single  superior  cava  (Fig.  138  B  and 
C).  A  small  rudiment  of  the  left  superior  cava  remains 
however  as  the  sinus  coronarius  and  receives  the  coronary 
vein  from  the  heart  (Figs.  138  C,  cor  and  139  cs). 

The  posterior  cardinal  veins  form  at  first  the  only 
veins  receiving  the  blood  from  the  posterior  part  of  the 
trunk  and  kidneys ;  and  on  the  development  of  the  hind 
limbs  receive  the  blood  from  them  also. 

An  unpaired  vena  cava  inferior  becomes  eventually 
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BlAllliAM     OP    TBB     DKVGI^ritKNT    OV    TUB    pAIRKO      VxKUVS 

Htstem  op  Manuals  (Man).    (From  Qegenbauv-.) 
J.  Jiiuiikr  vein  ;    a,  vena  cava  superior ;   ».  aubolarioa  veina  j    ft 
pi  >.sterior  cardiDol  vein ;    c.  vertebral  vein ;    az.  azj^gqa  Toin ' 
fiT.  corouary  Toin. 

A.    Stage  in  which  the  canljiial  veina  have  already  tluun. 
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inferior  (Fig.  139,  il).    These  vessels,  whose  development 
has  not  been  adequately  investigated,  form  the  common 


DuoEui    or  THE  Chiu  VBHOua  Tkuku  of  Mui. 
(From  G^nbaur.) 
a.  coronary  emiu ;    (.  subclavioii  veiii ;  Ji.  intenud  jugular 
Je.  external  jugular ;  at.  asygoa  vein  ;  ha.  hemiazj-goa  *ein 
c.  dotted  line  shewing  prarions  position  of  CBrdinoI  veioB 
cL  vena  cava  inferior  ;  r.  renal  veina ;  if.  iliao  ;  Ay.  hypi^aa- 
tric  veins  ;  k.  hepatio  veins. 
The  dotted  lines  shew  the  position  of  embrjonio  veseela 
aborted  in  the  adult. 


iliac  veins,  while  the  posterior  ends  of  the  cardinal  veins 
which  join  them  become  the  hypogastric  veins  (Fig. 
139  hy). 

Posterior  vertebral  veins,  similar  to  those  of  Birds, 
arc  established  in  connection  with  the  intercostal  and 
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liiiiiliar  veins,  and  unite  anteriorly  with  the  front  put 
fifihii  posterior  cardinal  veins  (Fig.  138  A). 

U]><^D  the  formation  of  the  posterior  TertebtsI  vaaa, 
ami  upon  the  inferior  vena  cava  becoming  more  im- 
portant, the  middle  part  of  the  posterior  cardinals  bL*- 
comt'S  completely  aborted  (Fig.  139  c).  the  anterior  and 
fjosterior  parts  still  persisting,  the  former  as  the  con- 
tiimatiiins  of  the  posterior  vertebrals  into  the  aoteritv 
\Qim  cava  {as),  the  latter  as  the  hypogastric  veins  (Ay). 

Though  in  a  few  Mammalia  both  the  posterior  verte- 
bmls  pE-rsist.a  transverse  connection  is  usually  established 
bi.'twi  i.n  them,  and  the  one  (the  right),  becoming  the 
more  important,  constitutes  the  azygoa  vein  (Fig.  139 
lis),  the  persisting  part  of  the  left  forming  the  hemi- 
azygos vein  (ha). 

The  remainder  of  the  venous  system  ia  formed  in  the 
(■mbryo  by  the  vitelline  and  allantoic  veins,  the  fwiner 
being  eventually  joined  by  the  mesenteric  vein  so  as  to 
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receives  branches  from  this  organ  near  its  anterior  exit. 
The  main  trunk  is  however  never  completely  aborted,  as 
in  the  embryos  of  other  types,  but  remains  as  the  ductus 
venosvs  Arantii. 

With  the  development  of  the  placenta  the  allantoic 
vein  becomes  the  main  source  of  the  ductus  venosus^ 
and  the  vitelline  or  portal  vein,  as  it  may  perhaps  be 
now  conveniently  called,  ceases  to  join  it  directly,  but 
fiedls  into  one  of  its  branches  in  the  liver. 

The  vena  cava  inferior  joins  the  continuation  of  the 
ductus  venosus  in  front  of  the  liver,  and,  as  it  becomes 
more  important,  it  receives  directly  the  hepatic  veins 
which  originally  brought  back  blood  into  the  ductus 
venosus.  The  ductus  venosus  becomes  moreover  merely 
a  small  branch  of  the  vena  cava. 

At  the  close  of  foetal  life  the  allantoic  vein  becomes 
obliterated  up  to  its  place  of  entrance  into  the  liver; 
the  ductus  venosus  becomes  a  solid  cord — the  so-called 
round  ligament — and  the  whole  of  the  venous  blood  is 
brought  to  the  liver  by  the  portal  vein. 

Owing  to  the  allantoic  (anterior  abdominal)  vein 
having  merely  a  foetal  existence  an  anastomosis  between 
the  iliac  veins  and  the  portal  system  by  means  of  the 
anterior  abdominal  vein  is  not  established. 

The  supra-renal  bodies.  These  are  paired  bodies 
lying  anterior  to  the  kidneys  and  are  formed  of  two 
parts,  (1)  a  cortical  and  (2)  a  medullary  portion.  They 
first  appear  in  the  Babbit  on  the  12th  or  13th  day  of 
gestation,  and  arise  as  masses  of  mesoblast  cells  lying 
between  the  aorta  and  the  mesentery  and  to  one  side  of 
the  former.  On  the  14th  day  they  are  well  marked, 
and  lying  dorsal  to  them  is  another  mass  of  cells  which 
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L~.  loiind  to  be  continuous  with  the  sympathetic  nerroui 

Oil  the  16th  day  processes  from  the  sympatlietie 
mass  cDt«r  the  mesoblastdc  tisaae  and  become  tran^ 
formed  into  the  medullary  portion  of  the  adult  supra- 
renal ;  while  the  mesoblastic  tissue  gives  rise  to  the 
cortical  layer. 

The  urinogenital  organs. 

The  hiatory  of  these  organs  in  Mamrnalia,  excepting 
so  tar  M  concerns  the  lower  parts  of  the  urinogenitai 
ducts,  is  the  same  as  in  the  Chick. 

The  Wolffian  body  and  duct  first  appear,  and  are 
tiilluwtd  by  the  Miillerian  duct  and  the  kidney.  The 
L'Xuct  method  of  development  of  the  latter  structures 
has  not  been  followed  so  completely  aa  in  the  Chick; 
and  it  is  not  known  whether  the  peculiar  structures 
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body.  The  Wolffian  duct  itself  becomes  in  the  male  the 
vas  deferens  and  the  convoluted  canal  of  the  epididy- 
mis; the  latter  structure  except  the  head  being  entirely 
derived  from  the  Wolffian  duct 

The  fanctionless  remams  of  the  embryonic  organs  desoribed 
for  the  chick  (p.  224)  are  found  also  in  mammals. 

The  Miillerian  ducts  persist  in  the  female  as  the 
Fallopian  tubes  and  uterus. 

The  lower  parts  of  the  urinogenital  ducts  are  some- 
what further  modified  in  the  Mammalia  than  the  Chick. 

The  genital  cord.  The  lower  part  of  the  Wolffian 
ducts  becomes  enveloped  in  both  sexes  in  a  special  cord 
of  tissue,  known  as  the  genital  cord  (Fig.  140  ^c),  within 
the  lower  part  of  which  the  Miillerian  ducts  are  also 
enclosed.  In  the  male  the  Miillerian  ducts  in  this  cord 
atrophy,  except  at  their  distal  end  where  they  unite  to 
form  the  uterus  masculinus.  The  Wolffian  ducts,  after 
becoming  the  vasa  deferentia,  remain  for  some  time 
enclosed  in  the  common  cord  but  afterwards  separate 
from  each  other.  The  seminal  vesicles  are  outgrowths  of 
the  vasa  deferentia. 

In  the  female  the  Wolffian  ducts  within  the  genital 
cord  atrophy,  though  rudiments  of  them  are  for  a  long 
time  visible  or  even  permanently  persistent.  The  lower 
parts  of  the  Miillerian  ducts  unite  to  form  the  vagina 
and  body  of  the  uterus  while  the  upper  become  the 
horns  of  the  uterus  and  the  Fallopian  tubes.  The 
junction  commences  in  the  middle  and  extends  forwards 
and  backwards ;  the  stage  with  a  median  junction  being 
retained  permanently  in  Marsupials. 

The  urinogenital  sinus  and  external  generative 
organs.    The  dorsal  part  of  the  cloaca  with  the  alimen- 
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t:iry  tract  becomes  partially  constricted    off  froia  tkv 

VL'iitrnl.  which  then  forms  a  urinogenital  siuus  (Fig.  140 

HI/).     In  the  course  of  development  the    urinogi 

Fia,  140. 
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Rinus  becomes,  in  all  Mammalia  but  the  Omithodelphia, 
completely  separated  from  the  intestinol  cloaca,  and  the 
two  parts  obtain  separate  external  openings.  The 
ureters  (Fig.  140,  3)  open  higher  up  than  the  other 
ducts  into  the  stalk  of  the  aUantois  which  here  dilates 
to  form  the  bladder.  That  part  of  the  stalk  which  con- 
nects the  bladder  with  the  ventral  wall  of  the  body 
constitutes  the  urachus,  and  loses  its  lumen  before  the 
close  of  embryonic  life.  The  part  of  the  stalk  of  the 
aUantois  below  the  openings  of  the  ureters  narrows  to 
form  the  urethra,  which  opens  together  with  the  Wolffian 
and  Miillerian  ducts  into  the  urogenital  cloaca. 

In  front  of  the  urogenital  cloaca  there  is  formed 
a  genital  prominence  (Fig.  140  cp)  with  a  groove  con- 
tinued from  the  urinogenital  opening,  and  on  each  side  a 
genital  fold  (Is).  In  the  male  the  sides  of  the  groove  on 
the  prominence  coalesce  together,  embracing  between 
them  the  opening  of  the  urinogenital  cloaca,  and  the 
prominence  itself  gives  rise  to  the  penis,  along  which  the 
common  urinogenital  passage  is  continued.  The  two 
genital  folds  unite  from  behind  forwards  to  form  the 
scrotum. 

In  the  female  the  groove  on  the  genital  prominence 
gradually  disappears,  and  the  prominence  remains  as  the 
clitoris,  which  is  therefore  the  homologue  of  the  penis : 
the  two  genital  folds  form  the  labia  majora.  The  urethra 
and  vagina  open  independently  into  the  common  uro- 
genital sinus. 

THE  ALIMENTARY  CANAL  AND  ITS  APPENDAGES. 

It  is  convenient  to  introduce  into  our  account  of  the 
organs  derived  from  the  hypoblast,  a  short  account  of 
F.  &  B.  27 
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certain  orgaua  conoected  with  the  alioieutaiy  canal 
.such  as  the  meseutery,  stomodffium,  etc.,  which  are  wX 
liypublaatic  in  origin, 

Tho  origin  of  the  hypoblast,  and  the  process  ct 
folding  by  which  the  cavity  of  the  mesenteroa  is 
established  have  already  been  described.  The  irifwn- 
teruu  may  be  considered  under  three  heads. 

1.  Tlie  antet-ior  or  respiratory  divigiott  of  tht 
mesenieron.  The  pharynx,  thyroid  bodj.  Eustachian 
tube,  t j-mpanic  cavity,  cesophagus,  trachea,  bronchi,  lungs 
am!  stomach  are  developed  from  this  portion,  and  their 
de^L'lopment  in  the  Mammal  so  closely  resembles  th^t  in 
the  Chick  that  it  is  unnecessary  for  ua  to  add  to  tbe 
account  we  have  already  given  in  the  earlier  pairt  of  this 
ivork. 

This  section  of  the  alimentary  canal,  aa  In  the  Cluck, 
is  il  Utinguished  in  the  embryo  by  the  fact  that  its  walls 
scud  out  a  Bcries  of  naired  diverticula  which  tnAoJ.  tii^ 
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enlarged  to  form  the  large  intestine,  while  the  anterior 
portion  becoming  very  much  elongated  and  coiled  forms 
the  small  intestine,  and  moreover  gives  rise  anteriorly 

to  the  liver  and  pancreas. 

From  the  large  intestine  close  to  its  junction  with  the  small 
intestine  an  outgrowth  is  developed,  the  proximal  part  of  which 
enlarges  to  form  the  ccucum,  while  the  distal  portion  in  Man 
forms  the  vermiform  appendix, 

3.  The  postanal  division  of  the  mesenteron  atro- 
phies at  an  early  period  of  embryonic  life.  In  the  Chick 
and  lower  types  it  communicates  for  a  short  time  with 
the  hind  end  of  the  neural  canaL 

Splanchnicmesoblast  and  mesentery.  The  mesen- 
teron consists  at  first  of  a  simple  hypoblastic  tube,  which 
however  becomes  enveloped  by  a  layer  of  splanchnic 
mesoblast.  This  layer,  which  is  not  at  first  continued 
over  the  dorsal  side  of  the  mesenteron,  gradually  grows 
in,  and  interposes  itself  between  the  hypoblast  of  the 
mesenteron,  and  the  organs  above.  At  the  same  tipie 
it  becomes  diflferentiated  into  two  layers,  viz.  an  outer 
epithelioid  layer  which  gives  rise  to  part  of  the  peritoneal 
epithelium,  and  an  inner  layer  of  undifferentiated  cells 
which  in  time  becomes  converted  into  the  connective 
tissue  and  muscular  waUs  of  the  mesenteron.  The 
connective  tissue  layers  are  first  formed,  while  of  the 
muscular  layers  the  circular  is  the  first  to  make  its 
appearance. 

Coincidently  with  the  differentiation  of  these  layers 
the  connective  tissue  stratum  of  the  peritoneum  becomes 
established. 

The  mesentery  is  developed  as  in  the  Chick  (p.  172). 
In  the  thoracic  region  it  is  hardly  if  at  all  developed. 

27—2 
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The  primitive  simplicity  in  the  arrangement  of  tlis 
mesentery  is  usually  afterwards  replaced  by  a  more  com- 
plicated disposition,  owing  to  tlie  subsequent  elongatiaa 
and  consequent  convolution  of  the  intestine  and  stomacL 

The  layer  of  peritoneal  epithelium  on  the  ventral 
side  of  the  stomach  is  continued  over  the  liver,  and 
iiftLT  embracing  the  liver,  becomes  attached  to  the 
M-utral  abdominal  wall.  Thus  in  the  region  of  the  liver 
the  body-cavity  is  divided  into  two  halves  bj  a  mem- 
biiiDO,  the  two  sides  of  which  are  covered  by  the  peri- 
toneal epithelium,  and  which  encloses  the  stomach 
dorsally  and  the  liver  ventrally.  The  part  of  the  mem- 
brane between  the  stomach  and  liver  is  narrow,  and 
constitutes  a  kind  of  mesentery  suspending  the  liver 
from  the  stomach :  it  is  known  to  humau  anatomists  as 
the  lesser  omentum. 

The  part  of  the  membrane  connecting  the  liver  with 
tlie  auterior  abdominal  wai]  constitutes  tha  falc^armi  tm- 
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Fio.  141. 


Diagram  Shewing  the  Division  of  the  Primitivb  Buccal 
Cavity  into  the  Respiratoby  Section  above  and  the 
TRUE  Mouth  below.    (From  Qegenbaur.) 

p.  palatine  plate  of  superior  maxillary  process;  m,  permanent 
mouth;  n.  posterior  part  of  nasal  passage;  e,  intemasal 
septimi. 

A  palate  grows  inwarda  from  each  of  the  superior 
maxillary  processes  (Fig.  141),  which,  meeting  in  the 
middle  line,  form  a  horizontal  septum  dividing  the  front 
part  of  the  stomodseum  into  a  dorsal  respiratory  section, 
containing  the  opening  of  the  posterior  nares,  and  a 
ventral  cavity  forming  the  permanent  mouth.  These 
two  divisions  open  into  a  common  cavity  behind.  This 
septum  on  the  development  within  it  of  an  osseous 
plate  constitutes  the  hard  palate.  A  posterior  pro- 
longation in  which  no  osseous  plate  is  formed  consti- 
tutes the  soft  palate.  An  intemasal  septum  (Fig.  141  e) 
may  more  or  less  completely  divide  the  dorsal  cavity 
into  two  canals,  continuous  respectively  with  the  two 
nasal  cavities. 

The  teeth  are  special  products  of  the  oral  mucous 
membrane.  They  are  formed  from  two  distinct  organs, 
viz.  an  epithelial  cap  and  a  connective  tissue  papilla. 
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wliicli  according  to  most  authors  give  rise  to  the  eatJB 
aii<]  Llentine  respectivelj. 

The  proctodsemn.  The  cloacal  section  of  the  ai 
nientary  canal  is  placed  in  communication  with  tJ 
Lsterior  by  means  of  a  shallow  epiblastic  iuvagiuati< 
constituting  the  proctodeum. 


APPENDIX. 


PRACTICAL     INSTRUCTIONS     FOR    STUDYING    THE    DE- 
VELOPMENT   OP   THE    CHICK. 

L  A.  Incubaton. 

Of  all  incubators,  the  natural  one,  i.e,  the  hen, 
is  in  some  respects  the  best.  The  number  of  eggs 
which  fail  to  develope  is  fewer  than  with  an  arti- 
ficial incubator,  and  the  development  of  monstrosi- 
ties is  rarer.  A  good  sitter  will  continue  to  sit 
for  thirty  or  more  days  at  leasts  even  though  the 
eggs  are  daily  being  changed.  She  should  never 
be  allowed  to  want  for  water,  and  should  be  well 
supplied  according  to  her  appetite  with  soft  food. 
It  IB  best  to  place  the  food  at  some  little  distance 
from  the  eggs,  in  order  that  the  hen  may  leave 
the  eggs  when  feeding.  She  will  sit  most  per- 
sistently in  a  warm,  quiet,  somewhat  darkened 
spot.  When  an  egg  is  placed  under  her,  the  date 
should  be  marked  on  it,  in  order  that  the  duration 
of  its  incubation  may  be  exactly  known.  When 
the  egg  is  intended  to  remain  for  some  time,  e.g. 
for  seven  days  or  more,  the  mark  should  be  bold 
and  distinct,  otherwise  it  will  be  rubbed  off. 
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On  the  whole  however  we  have  foand  (t  mon 
convenient  to  use  a  good  artificial  incabator.  We 
have  oui-selves  used  with  BUcceas  two  diflenol 
incubatorB.  One  made  by  the  Cambridge  Sciootifie 
Inntrnment  Company,  and  the  other  by  Wieanegg 
of  64,  Rue  Oay-Luasac,  Paris  (Fig.  C5  in  his 
catalogue  for  1881),  We  have  had  the  longest  tat- 
periencB  with  the  former,  and  have  fouud  it  work 
exceedingly  well :  having  beeu  able  to  hAtcb  cbickk 
without  more  attention  than  now  and  thon.  tunung 
over  the  egga. 

Both  these  incubators  cousist  essenttalij'  ut  ■ 
large  water-bath  fitted  with  a  gaa  regulator,  ^tf 
are  both  perfectly  automatic  aad  when  once  twn> 
lated  require  do  further  atteatioD. 

The  temperature  within  the  incubator  sboolil 
be  maintained  at  from  37°  to  40''O.  A  rise  abuve 
40°  ie  fatal ;  bat  it  may  be  allowed  to  descend  to 
35°  or  in  the  young  stagfiB  lower,  vi-ithoat  dtaan 


APP.]  HABDENINO  EMBRYOS.  425 

of  the  jet  as  required,  a  very  steady  mean  temperature 
may  be  mamtained. 

In  the  absence  of  gas,  a  patent  night-light  placed  at  a 
proper  distance  below  the  bath  may  be  made  to  answer 
veiy  well.  "When  a  body  of  water,  once  raised  to  the 
necessary  temperature,  is  thoroughly  surrounded  with 
non-conducting  material,  a  very  slight  constant  amount  of 
heat  will  supply  all  the  loss. 

B.     On  preparing  sections  of  the  embryo, 
1.    Hardening. 
a.     Picric  acid. 

We  find  this  reagent  the  most  satisfactory 
for  hardening  the  chick  and  in  most  instances 
mammalian  embryos. 

Kleioenberg's  solution  of  picric  acid  is  the 
best. 

With  100  parts  of  water,  make  a  cold 
saturated  solution  of  picric  acid;  add  to  this 
two  parts  of  concentrated  sulphuric  acid  or 
nitric  acid :  filter  and  add  to  the  filtrate  three 
times  its  bulk  of  water. 

In  this  solution  of  picric  acid*  the  embryo 
must  be  placed  and  left  for  from  2 — 5  hours. 
It  should  then  be  washed  in  alcohol  of  30  p.c. 
and  placed  in  alcohol  50  p.a  for  one  hour. 
From  this  it  must  be  removed  into  alcohol 
of  70  p.c.  in  which  it  should  be  left  until 
all  the  picric  acid  is  extracted;  to  facilitate 
this  the  70  p.a  alcohol  should  be  frequently 
changed:    when  free  from  picric  the  embryo 

^  It  is  sometimes  advantageous  to  add  to  this  solution  of  picric 
acid  as  much  pure  kreasote  as  it  will  dissolve  (vide  Eleinenberg, 
''Development  of  Earthworm,'*  Quarterly  Journal  of  Mic.  8c%,  1879). 
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should  be  placed  in  90  p.c.  alcohol  and  kept 
there  uatil  required  for  further  use. 

N.B.  Hardened  embryos  should  alwajs  (w 
kept  Id  90  p.c.  spirit  ajid  otilj  placed  in  aba^ 
lute  before  imbedding,  or  stHining  with  haeoia- 
toxylin. 

]  keFp  hardened  tisvoei 

OorroBive  sublimate. 

Plnce  the  embryo  in  a  lai^e  quantity  of  » 
Batnratwil  aqueous  solution  of  corrosive  suUi- 
mate  to  which  a  few  drops  of  glacial  acetic  acid 
have  been  added,  and  allow  it  to  remain  fijr 
httlf-an-hour'.  It  is  necessary  thoroughly  to  ex- 
tract the  corrosive  sublimate  trom  the  cells  of  the 
embryo ;  to  occoruplish  this,  wash  it  thoroughly 
with  water  for  from  10  minutes  to  3  hours  ac- 
cording to  the  size  of  the  object.     The  vaahiiuc 
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c.  Osmic  acid. 

Osmic  acid  is  a  difficult  reagent  to  use,  but 
when  properly  applied  it  gives  most  excellent 
re8ult& 

It  should  be  used  as  a  weak  solution  (*1  to 
*5  p. a).  The  object  should  be  left  in  it  until 
it  has  acquired  a  light  brown  tint.  The  stronger 
the  solution  the  less  time  ib  required  for  the 
production  of  this  tint.  It  should  then  be 
removed  and  placed  in  picro-carmine,  which 
arrests  the  action  of  the  osmic  and  stains  the 
embryo.  The  time  required  for  the  picro-car- 
mine  staining  must  be  determined  by  practice. 
From  the  picro-carmine  the  object  must  be 
washed  in  70  p. a  spirit;  and  then  placed  in 
90,  or  may  be  preserved  directly  in  glycerine. 

If  it  is  desired  to  use  other  staining  agents 
(borax-carmine  is  good  for  some  preparations), 
the  object  must  be  removed  from  osmic  into 
water  or  weak  spirit,  thence  through  50  into 
70  p.c.,  stained,  and  passed  through  70  to 
90  p.  c.  spirit 

d.  After  using  osmic  it  is  well  iu  some  cases 
(mammalian  segmenting  ova)  to  place  the 
object  in  Miller's  fluid  for  2  or  3  days,  after 
which  it  may  be  preserved  in  glycerine  or  spirit 

MuUer's  fluid  is  made  by  dissolving  25  grms. 
of  bichromate  of  potash  and  10  grm&  of  sodic 
sulphate  in  1000  c&  of  water. 

e.     With  chromic  add. 

The  embryo  must  be  immersed  in  a  solution 
of  the  strength  of  *1  p.c.  for  24  hours.  From 
this  it  should  be  removed  and  placed  in  a  stronger 
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as  the  reagents  recommei] 

The  object  of  these  so-ca 
to  kill  the  tissues  with  the 
without   thereby   destroying 
treatment  with  alcohol  comp! 
is  only  commenced  by  these  n 
There  is  room  for  the  ezei 
in  the  use  of  alcohol,  and  this 
by  experience.    A  few  genera 
laid  down. 

(1)    Tissues  should  not,  generanj 
or  an  aqueous  solutibn  of  th 
mto  an  alcohoUo  solution  o: 
should  the  successive  solutioi 
too  much  in  strength.    The 
the  violence  and  inequaUty  . 
w  thus  diminished.     This 
remembered  in  transferring 
the  staining  agents  and  vice  ^ 
The  tissues  should  not  be  h 
one  or  two  hours)  in  alcoho 
less  than  70  p.c.  of  alcohol. 
Tl       should  not  be  kept  in 
<       I  is  necessary  to  dehydrate 
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this  is  to  stain  the  embryo  as  a  whole,  rather 
than  to  stain  the  individual  sections  after  they 
have  been  cut. 

We  have  found  hsematoxylin  and  borax- 
carmine  the  best  reagents  for  staining  embryos 
as  a  whola 

a.      With  luBinatozyliiL 

The  best  solution  of  hsematoxylin,  one  for 
which  we  are  indebted  to  EHeinenberg,  is  made 
in  the  following  way. 

(1)  Make  a  saturated  solution  of  crystallized  cal- 
cium chloride  in  70  p.c.  alcohol,  and  add 
alum  to  saturation. 

(2)  Make  also  a  saturated  solution  of  alum  in  70 
p.c.  alcohol,  and  add  1  to  2  in  the  proportion 
of  1  :  8. 

(3)  To  the  mixture  of  1  and  2  add  a  few  drops  of 
a  saturated  solution  of  hsematozylin  in  ab- 
solute alcohol. 

(4)  It  is  often  the  case  that  hsematoxylin  solution 
prepared  in  this  way  has  not  the  proper 
purple  tint ;  but  a  red  tint.  This  is  due  to 
acidity  of  the  materials  used.  The  proper 
colour  can  be  obtained  by  treating  it  with 
some  alkaline  solution.  We  have  found  it 
convenient  to  use  for  this  purpose  a  saturated 
solution  of  sodium  bi-carbonate  in  70  p.c. 
spirit.  (The  exact  amount  must  be  deter- 
mined by  experiment,  as  it  depends  upon  the 
amount  of  acid  present.) 

The  embryo  should  be  placed  for  some  hours 
in  absolute  alcohol,  before  istainiug  with  has- 
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acidulated  with  uitric 
until  the  excess  of  etaii 
all  cases  the  hiematoxyl 
b;  treating  the  embryo 
alcohol. 

AAer  staining   the 
washed  in  70  and  placed 

With  boiaz-carmine. 

Make  an  aqueoua  ao 
carmine  and  4  p.c.  boiu 
equal  Tolume  of  70  p.c 
mixture  stand  for  thirtj- 
carefully  filter. 

Stain  the  object  thoroi 
thb  solution  for  one  or  e^ 
attain  a  dull  maroon  color 
acidulated  alcohol  (see  a 
bright  ted,  and  aft«rward 
90  p.c.  alcohol. 

Tbia  staining  eolation 


APP.]  STAINING  EMBRYOS.  431 

found  to  stain  more  thoroughly  in  this  than  in 
the  haematoxjlin  solution. 

c.  With  cannine. 

Beale's  carmine  or  some  alcoholic  solution  is 
the  best  Into  this  the  embryo  may  be  removed 
directly  from  90  p.c.  alcohol,  left  for  24  hours, 
and  then  placed  again  in  alcohol  until  required. 

d,  With  picro-carmine. 

This  reagent  is  useful  as  will  be  seen  later 
for  staining  mammalian  segmenting  ova  and 
very  young  blastoderms;  it  is  used  vrith  the 
greatest  success  after  hardening  in  osmic  acid. 

There  are  several  methods  of  making  picro- 
carmine,  the  following  is  the  simplest,  and  we 
have  found  it  answer  our  purpose  fairly  well. 

To  a  solution  made  up  of  1  grm.  of  car- 
mine 4  CO.  of  liquor  ammonia  and  200  ca  of 
distilled  water  add  5  grms.  of  picric  acid  \  agitate 
the  mixture  for  some  minutes,  and  then  decaut, 
leaving  the  excess  of  add. 

The  decanted  fluid  must  remain  for  several 
days,  being  stirred  up  from  time  to  time;  even- 
tually evaporated  to  dryness  in  a  shallow  vessel, 
and  to  every  2  grms.  of  the  residue  add  100  cc. 
of  distilled  water. 

^      With  alum  cannine. 

To  make  it,  boil  a  strong  aqueous  solution  of 
ammonia-alum  with  excess  of  carmine  for  10  to 
20  minutes,  filter,  and  dilute  the  filtrate  until 
it  contains  from  1  to  5  p.c.  of  alum.  Add  a 
few  drops  of  carbolic  acid  to  prevent  the  growth 
of  fungus. 
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tions    of    embryos    ^ 
method  of  imbedding 
Many  imbedding  sok 
ting  sections  have  be< 
following  far  superior 
several  advantages;  ii 
it  comparatively  easy 
essential,  a  complete  < 
tions  of  the  embryo; 
tions  when  mounted  i 
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to  imbed  soak  it  in  turpentine*  until  it  is  com- 

pletelj  saturated :  and  transfer  it  tbeuce  iviih  as 

liUle  turpentine  aa  possible  to  a  dish  of  melted 

paraffin. 

In  cases  of  very  delicate  tissues,  it  Is  better  to  use 
chloroform  instead  of  torpentinei  The  ohlorofonu 
should  be  carefully  aclded  by  means  of  a  pipette  to  the 
absolute  alcohol  in  which  the  tissue  is  placed.  The 
chlorofonn  sinks  to  the  bottom  of  the  bottle  or  tube 
and  the  embryo,  which  at  first  lies  at  the  junction  of  the 
two  liquids,  gradually  sinks  into  the  chloroform.  Wben 
this  is  accomplished,  remove  all  the  absolute  with  a 
pipette  and  add  pieces  of  solid  paraffin  to  the  chloroform. 
Gently  warm  this  on  a  water  bath  till  all  the  chloroform 
is  driven  ofiF ;  then  imbed  in  the  usual  way. 

Care  most  be  taken  that  no  more  heat  is 
used  than  is  necessary  to  melt  the  paraffin ;  for 
this  purpose  the  paraffin  should  be  warmed  over 
a  water  bath  the  temperature  of  which  is  kept 
constant  (from  50  to  60°C.  but  not  more  than 
60°C.). 

A  paraffin  melting  at  44<^C.  is  of  the  proper  consistency 
for  cutting  when  the  temperature  of  the  room  is  15^0. 
(60»F). 

With  care  a  porcelain  evaporating  dish  and 
a  gas  flame  may  be  made  to  answer,  but  the 
student  is  advised  not  to  imbed  without  a 
water  bath. 

The  embryo  may  be  left  in  the  paraffin  two, 
three  or  more  hours,  after  which  it  is  imbedded 
by  placing  it  along  with  the  melted  paraffin  in 
either  a  box  made  by  bending  up  the  sides  and 
folding  in  the  comers  of  a  piece  of  stiff  paper, 
or  what  is  better,  a  box  formed  by  two  L-shaped 

^  If  the  alcohol  is  not  quite  absolute  kreasote  should  be  used 
instead  of  turpentine. 
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raised  through  a  hole  in  a  glass  plate,  acix>ss 
which  a  razor  held  in  the  hand  is  pushed.  We 
will  briefly  describe  the  method  of  manipulation 
for  the  small  microtome,  it  will  be  found  easily 
applicable  to  Jung's  sliding  microtome. 

The  paraffin  block  is  pared  in  such  a  manner 
that  the  edge  nearest  to  the  operator  and  that 
opposite  to  him  aro  parallel.  A  dry  razor  is 
then  pushed  upon  the  glass  plate  over  the  hole 
through  which  the  block  of  paraffin  projects  up- 
wards, and  a  section  cut  which  remains  upon 
the  razor,  Ca^  must  be  taken  that  the  edge  of 
the  razor  is  parallel  to  the  parallel  edges  of  the 
paraffin  block.  The  block  having  been  raised 
by  the  screw,  a  second  section  is  made  in  the 
same  way  and  on  the  same  part  of  the  razor  as 
the  first;  in  consequence  of  which,  the  first 
section  will  be  pushed  backwards  by  the  second. 
Similarly  each  new  section  pushes  backwards 
those  already  made ;  and  a  ribbon  of  sections 
formed  which,  if  the  paraffin  ia  of  tlie  right 
consistency,  will  adhere  firmly  together. 

Experience  must  teach  the  manipulator  how 
to  mix  the  }>araffin  in  such  a  manner  that  it  is 
neither  too  hard  nor  too  soft ;  if  it  is  too  hard, 
the  sections  will  not  adhere  together  and  will 
curl  up  on  the  razor,  if  too  soft  they  will 
stick  to  the  razor  and  be  found  to  be  creased. 
When  it  is  not  possible  to  keep  the  temperature 
of  the  room  constant  it  will  be  found  convenient 
to  use  a  hard  paraffin,  and  when  necessary  to 
raise  the  temperature  by  means  of  a  lamp. 

I  he  paraffin  should  completely  surround  the 
embryo  and  fill  up  all  the  spaces  within  it. 
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in  the  ordinary  way  (B,  a)  should  be  stained  alightly^ 
dehydrated,  soaked  in  oil  of  cloves  until  transparent 
and  mounted  in  balsam. 

Whole  embryos  of  a  later  date  cannot  be  satis- 
factorily preserved  as  microscopic  objects. 

Practical  directions  fob  obtaining  and  studying 

CHICK  Embryos. 

IT.    Examination  of  a  36  to  48  honn'  embryo. 

The  student  will  find  it  by  far  the  best  plan  to  begin 
with  the  study  of  an  embryo  of  this  date.  The  manipu- 
lation is  not  difficult ;  and  the  details  of  structure  are 
sufficiently  simple  to  allow  them  to  be  readily  grasped. 
Earlier  embryos  are  troublesome  to  manage  until  some 
experience  has  been  gained ;  and  the  details  of  later 
ones  are  so  many  as  to  render  it  undesirable  to  begin 
with  them. 

A.     Opening  the  Egg. 

Take  the  egg  warm  from  the  hen  or  the  incu- 
bator, and  place  it  (it  does  not  matter  in  what  posi- 
tion, since  the  blastoderm  will  at  this  stage  always 
be  found  at  the  uppermost  part  of  the  egg)  in  a 
small  basin  large  enough  to  allow  the  egg  to  be 
covered  with  fluid.  It  is  of  advantage,  but  not 
necessary,  to  place  at  the  bottom  of  the  basin  a 
mould,  e,g,  a  flat  piece  of  lead  with  a  concavity  on 
the  upper  surface,  in  which  the  egg  may  rest  securely 
without  rolling.  Pour  iuto  the  basin  so  much  of  a 
•75  per  cent,  solution  of  sodium  chloride  warmed  to 
38"C.  as  will  cover  the  egg  completely.  With  a  ajiarp 
tap  break  through  the  shell  at  the  broad  end  over 
the  air-chamber,  and  let  out  as  much  air  as  has 
already  been  gathered  thei*e.     Unless  this  is  done, 
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1.  Lying  across  the  long  axis  of  the  egg,  i^e  pellucid 
area,  in  the  middle  of  which  the  embryo  may  be 
obscurely  seen  as  a  white  streak. 

2.  The  mottled  vascular  area,  with  the  blood-vessels 
just  beginning  to  be  formed. 

3.  The  opaque  area  spreading  over  the  yolk  with  the 
changes  in  the  yolk  around  its  periphery. 

4.  (With  a  simple  lens),  the  contractions  of  the  heart; 
perhaps  the  outlines  of  the  head  of  the  embryo 
may  be  detected. 

C.    Removal  of  the  embryo. 

Plunge  one  blade  of  a  sharp  fine  pair  of  scissors 
through  the  blastoderm,  just  outside  the  outer  margin 
of  the  vascular  area,  and  rapidly  carry  the  incision 
completely  round  until  the  circle  is  complete,  avoid 
as  much  as  possible  any  agitation  of  the  liquid  in  the 
basin. 

With  a  little  trouble,  the  excised  blastoderm  may 
now  be  floated  into  a  watch-glass,  care  being  taken  to 
keep  it  as  flat  as  possible.  With  a  pair  of  forceps  or 
with  a  needle,  aided  by  gentle  shaking,  remove  the 
piece  of  vitelline  membrane  covering  the  blastoderm. 

If  any  yolk  adheres  to  the  blastoderm,  it  may  with 
a  little  gentle  agitation  easily  be  washed  ofl*.  Some- 
times it  is  of  advantage  to  suck  up  the  yolk  with  a 
glass  syringe,  re{)lacing  the  fluid  removed  with  clean 
('75  p.c.)  salt  solution. 

The  blastoderm  should  now  be  removed  from  the 
watch-glass  to  a  microscopic  glass  slide ;  since  it  is 
difficult  in  the  former  to  prevent  the  edges  of  the 
blastoderm  from  curling  up. 
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3.  The  neural  tube :  the  line  of  coalescence  of  the 
medullary  folds,  the  first  cerebral  vesicle,  the  com- 
mencing optic  vesicles,  the  indications  of  the 
second  and  third  cerebral  vesicles,  the  as  yet  open 
medullary  folds  at  the  tail  end. 

4.  The  heart  seen  dimly  through  the  neural  tube;  note 
its  pulsation  if  present. 

5.  The  foid  of  tlifi  somaiophwre  anterior  to  the  heart 
(generally  very  faintly  shewn). 

G.  The  fold  of  the  splanchnopleu/re  (more  distinctly 
seen) :  the  vitelline  veins, 

7.  The  mesoblastic  somites, 

8.  Indications  of  the  vitelline  arteries, 

y.      The  as  yet  barely  formed  tailfold, 

10.      The  commencing  blood-vessels  in  the  pellucid  and 
TBscular  areas. 

E.   Surface  view  of  the  transparent  embryo  from 

'  below. 

The  coverslip  must  now  be  removed  and  the  glass 
slide  again  immersed  in  a  vessel  of  clean  salt  solu- 
tion. By  gently  seizing  the  extreme  edge  of  the 
opaque  area  with  a  pair  of  forceps,  no  difficulty  will 
be  found  in  so  floating  the  blastoderm,  as  to  turn  it 
upside  down,  and  thus  to  replace  it  on  the  slide  with 
the  under  surface  uppermost 

The  points  which  most  deserve  attention  in  this 
view,  are : — 

1.  The  heart :  its  position,  its  union  with  the  vitelline 
veins,  its  arterial  end. 
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shadows  of  ike  embryo,  with,  benefit.  The  watch- 
glass  should  have  a  fiat  bottom;  or  a  shallow  fiat 
glass  cell  should  be  used  instead. 

a.     Looking  at  the  embryo  from  above,  observe : — 

1.  The  head-fold ;  the  head  distinctly  projecting  from 
the  plane  of  the  blastoderm,  and  formed  chiefiy  by 
the  forebrain  and  optic  vesicles. 

2.  The  elevation  of  the  medullary  canal,  and  the 
indications  of  the  side  walls  of  the  embryo. 

3.  The  indications  of  the  toil. 

4.  The  Amnion  partly  covering  the  head.  Tear  it 
open  with  needles.     Observe  its  two  folds. 

h.  Having  turned  the  blastoderm  upside  down, 
observe  the  following  points,  looking  at  the  embryo 
from  below. 

1.  The  hinder  limit  of  the  splanchnopleure  in  the 
head-fold,  marking  the  hind  limits  of  the  fare- 
gut.  The  opaque  folds  now  conceal  the  head  almost 
entirely  from  view. 

2.  The  commencing  tail-fold,  and  the  shallow  boat- 
shaped  cavity  (of  the  alimentary  canal)  between  it 
and  the  head-fold. 

The  student  should  not  fail  to  make  sketches 
of  the  embryo,  both  as  a  transparent,  and  as  an 
opaque  object,  seen  from  below  as  well  as  from 
above.  These  sketches  will  be  of  great  service  to 
him  when  he  comes  to  study  the  sections  of  the 
same  embryo. 


Through  the  midille  oi 
latiouB  to  the  splonchno 
Through  the  point  of 
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C.  Removal  of  tite  Embryo  from  tite  yolk^  as  in 

II.  C 

D.  Surface  view  of  tlie  transparent  embryo  from 

above. 
Notice : — 

1.  GeMral  form  of  the  embryo. 

a.  Commencing  cranioU  flexure. 

b.  The  tail  and  aide  folds. 

2.  Amnion.  Notice  the  inner  and  outer  (iklse  amnion) 
limbs  and  remove  them  with  a  needle.  When  the 
amnion  has  been  removed  the  features  of  the 
embryo  will  be  much  more  clearly  visible. 

3.  The  organs  of  sense, 

a.      Eye,     Formation    of    the   lens  already  nearly 
completed* 

h.      Auditory  involuHony   now  a  deep  sac  with  a 
narrow  opening  to  the  exterior. 

4.  The  brain. 

a.  The  vesicles  of  the  fore- ,  mid-,  and  hind-hreAn. 

b.  The  cerebral  vesicle. 

c.  The  cranial  flexure  taking  place  at  the  mid- 
brain« 

E.  Trajisparent  embryo  from  below. 
Manipulation  as  in  IL  E. 

Notice : — 

1.  The  increase  of  the  head  folds  of  the  somatopleure 
and  splanchnopleure,  especially  the  latter,  and  the 
commencement  of  these  folds  at  the  tail 
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The  embryo  as  aft  opai 
Treatment  as  ia  II  F. 
Fbox  above : 
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the  as  yet  very  short  hind 

Sections. 

Manipulation  as  in  I.  C  f 

The  more  important  sectio 
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2.  Thrqugh  auditory  .sac,  shewing  :  . 

a.  Auditory  sac  still  open. 

b.  The  thin  roof  and  thick  sides  of  the  hind-braio. 
c      Notochord. 

d.  Heart 

e.  Closed  alimentary  canal. 

3.  Through  dorsal  region,  shewing  the  general  appear- 
ance of  a  section  of  an  embryo  at  this  stage,  which 
should  be  compared  with  a  similar  section  of  the 
earlier  staga 

It  shews : 

a.      The  commencement  of  the  side  folds;  the  ali- 
mentary canal  still  however  open  below. 

6.      The  "Wolffian  duct  lying  close  under  the  epiblast 
on  the  outside  of  the  mesoblastic  somites. 

c.  The  notochord  with  the  aortse  on  each  sida 

IV.     Examination  of  an  Embryo  at  the  end  of  the  third 

day. 

A.  Opening  the  egg,  as  in  II.  A. 

B.  Examination  of  the  blastoderm  in  sitiL 
Observe : — 

1.  The  great  increase  of  the  vascular  area  both  in  size 
and  distinctness.  The  circulation  is  now  better 
seen  in  situ  than  after  the  blastoderm  has  been 
removed. 

2.  That  the  embryo  now  lies  completely  on  its  left 
side  and  that  it  is  only  connected  with  the  yolk-sac 
by  a  somewhat  broad  stalk« 


Since  tlio  embryo  nc 
not  hnvo  to  speak  of  the 
The  views  from  the  two 
appearance  of  the  heart. 

The  embryo  (freed  fro 
amnion)  is  to  be  floated 
usual  way.  It  is  necessar, 
examination,  with  a  cotbi 
ii]]owed  to  compress  it.  Ti 
it  a  goutl  plan  to  support 
only,  since  by  moving  it  al 
a  greater  or  less  amount  t 
at  will  to  the  object 

The  details  which  can 
transparent  embryo  are  ve 
commend  the  student  to  t 
shewn  in  Fig.  37.  Amongs 
obvious  points  to  be  noticed 

1.      The  increase  of  the  crat 
Jlexure. 
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The  hind-brain  consists  of  a  front  portion,  the 
cerebellum  with  a  thickened  roof;  and  a  hinder 
portion,  the  fourth  ventricle  with  a  very  thin  and 
delicate  roof. 

3.  Organs  of  sense. 

The  eye  especially  is  now  in  a  very  good  state 
to  observe.  The  student  may  refer  to  Fig.  51, 
and  the  description  there  given. 

The  ear-'vesicle  will  be  seen  either  just  closing 
or  completely  closed. 

4.  In  the  region  of  the  heart  attention  must  also  be 
paid  to : 

a.  The  visceral  clefts. 

b.  The  investing-masSf  Le.  the  growth  of  mesoblast 
taking  place  around  the  end  of  the  notochord. 

c.  The  condition  of  the  hea^t. 

5.  In  the  region  of  the  body  the  chief  points  to  be 
observed  are : 

a.  The  increase  in  the  number  of  the  somites, 

b.  The  Wolffian  duct,  which  can  be  seen  as  a  streak 
along  the  outer  side  of  the  hinder  somite& 

c.  The  allantois,  which  is  now  a  small  vesicle  lying 
between  the  folds  of  the  somatopleure  and 
splanchnopleure  at  the  hind  end  of  the  body,  but 
as  yet  hardly  projects  beyond  the  body  cavity. 

E.     TAe  embryo  as  an  opaque  object. 

Preparation  as  in  IL  F. 

The  general  form  of  the  embryo  can  be  very  satis- 
factorily seen  when  it  is  hardened  and  examined  as  an 
opaque  object;  but  the  most  important  points  to  be 

F.  &  B.  29 


\ 


■i  ' 


c  AC**  IXXKJLX3  justructive  vie^ 
order  to  gain  which  tlie  fc 
adopted. 
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by  mixing  together  lampblac 
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In  the  meantime  cut  off  th< 
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just   behind   the   visceral  ch 
watch-glass  and  cover  it  wit! 
little  manipulation  the  head 
be  shifted  into   the  small  < 
and  thus  be  made  to  assum 
It   should   then   be   examine 
under  a  strong  reflected  ligl 
of  it. 

When  the  head  is  placed 
the  following  points  may  easi 
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2.  The  second  and  third  visceral  arches  a/nd  clefts, 

3.  The  nasal  pits. 

F.    Sections.     Manipulation  as  in  I.  B.  3. 
The  most  important  sections  are  : — 

1.  Through  the  eyes  in  the  three  phmes,  vide  Fig.  50, 
A.  B.  C. 

2.  Through  the  auditory  sac. 

3.  Through  the  dorsal  region,  shewing  the  general 
changes  which  have  taken  place. 

Amongst  these,  notice 

CL      The  chcmges  of  the  mesoblastic  somites:  the  com- 
mencing formation  of  the  muscle  plates. 

h.      The  position  of  the  Wolffian  duct  and  the  forma- 
tion of  the  germinal  epithelium. 

c.  The  aortce  and  the  cardinal  veins. 

d.  The  great  increase  in  depth  and  relative  diminu- 
tion in  breadth  of  the  section. 


V.    Examination  of  an  Emlvryo  of  the  Fourth  Day. 

A.  Opening  tlie  egg,  as  in  II.  A. 

Great  care  will  be  required  not  to  injure   the 
embryo,  which  now  lies  close  to  the  shell-membrane. 

B.  Examination  in  situ.    Observe: — 

1.  The  now  conspicuous  amnion. 

2.  The  aUantois,  a  small,  and  as  yet  hardly  vascular 
vesicle,  beginning  to  project  from  the  embryo  into 
the  space  between  the  true  and  the  false  amnion. 

3.  The  rapidly  narrowing  som^atic  stalk. 

29—2 


Tlie  points  to  be  obae 
I.      The   formation   of  tt( 
cranial  nerves. 

To  observe  these,  a 
is  adyantageous. 
2.      The  formation  of  the  ^ 
increase  in  size  of  the  8 

3-  The  formation  of  the  n 

4-  The  great  relative  growt 
the  formation  of  the/^t 
tie  vesicle  of  the  third- 

6.  The  great  increase  in  th 
<>■      Tlie  formation  and  gro 

■which  can  now  be  easily 
7-      Th^iUlantoU.     Make  ou 

0P«iiing  into  the  aliment 

■     ^^  ^^n'o  as  an  opaqu. 
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F.    Sections,     Manipulation  as  in  I.  B.  3. 
The  most  important  sections  are, 

1.  Through  the  eyes, 

2.  Transverse  section  immediately  behind  the  risceral 
arches,  shewing  the  origin  of  the  lungs, 

3.  Transverse  section  just  in  front  of  the  umbilical 
stalk,  shewing  the  origin  of  the  liver, 

4.  Transverse  section  at  about  the  centre  of  the 
dorsal  region,  to  shew  the  generai  features  of  the 
fourth  day.     Compare  Fig.  68. 

Amongst  the  points  to  be  noticed  in  this  section,  are 

a.  Muscle-plates. 

h.  Spinal  nerves  and  ganglia. 

c.  Wolffian  duct  and  bodies. 

d.  Mailer's  duct 

e.  Mesentery. 

f.  Commencing  changes  in  the  spinal  cord. 

5.  Section  passing  through  the  opening  of  the  allan- 
tois  into  the  alimentary  canaL 

For  the  points  to  be  observed  in  embryos  of 
the  fifth  and  sixtli  days,  the  student  must  consult 
the  chapters  devoted  to  those  days. 

In  the  hardened  specimens,  especial  attention 
should  be  paid  to  the  changes  which  take  place  in 
the  parts  forming  the  boundaries  of  the  mouth. 

y  L      Examination  of  a  Blastoderm  of  20  hours. 

A.  Opening  the  egg,  as  in  II.  A. 

B.  Examination  in  situ. 

It  will  not  be  found  possible  to  make  out  anything 
very  satisfactory  from  the  examination  of  a  blasto- 
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una  age.     One  of  thes* 
blastoderm  from  the  yol 
oase,  the  yolk  is  hardem 
method  be  employed,  tb 
as  a  transparent  object. 
In  the  cases  where 
from  the  yolk,  the  mani 
described  under  11.  0,  ^ 
care  being  required  in  fr 
the  vitelline  membrane. 

D.    Surface  viezu  transparent 
Observe  : — 

1.  The  medullary  groove  hi 
folds,  whose  hind  ends  d 

them  the  end  of  the  prin 

2.  The  lieadfold  at  the  end 

3.  The  one  or  two  pairs  of  r. 
the  medullary  groova 

4.  The  notoclwrd  «««•*- 
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F.  Embryo  as  an  opaque  object 

As  an  opaque  object,  whether  the  embryo  is  hard- 
ened in  situ  or  after  being  removed  from  the  yolk, 
the  same  points  are  to  be  seen  as  when  it  is  viewed 
as  a  tiunsparent  object,  with  the  exception  of  the 
notochord  and  mesoblastic  somites  {vide  D).  The 
various  grooves  and  folds  are  however  seen  with  far 
greater  clearness. 

G.  Sections, 

Two  methods  of  hardening  may  be  employed; 
(1)  with  the  embryo  in  sitts,  (2)  after  it  has  been 
removed. 

To  harden  the  blastoderm  in  situ  the  yolk  must 
be  hardened  as  a  whole.  After  opening  the  egg  either 
leave  the  yolk  in  the  egg-shell  or  pour  it  out  into  a 
Berlin  capsule;  in  any  case  freeing  it  as  much  as 
possible  from  the  white,  and  taking  especial  care  to 
remove  the  more  adherent  layer  of  white  which  im- 
mediately surrounds  the  yolk. 

Place  it  in  picric  acid  or  a  weak  solution  of  chromic 
acid  (first  of  *1  p.c.  and  then  of  *5  p.c.)  with  the 
blastoderm  uppermost  and  leave  it  in  that  position 
for  two  or  three  days. 

Care  must  be  taken  that  the  yolk  does  not  roll 
about ;  the  blastoderm  must  not  be  allowed  to  alter 
its  position :  otherwise  it  may  be  bard  to  find  it  when 
everything  has  become  opaque.  If  at  the  end  of  the 
second  day  the  blastoderm  is  not  sufficiently  hard, 
the  strength  of  the  solution,  if  chromic  acid  be  used, 
should  be  increased  and  the  specimen  left  in  it  for 
another  day. 

After  it  has  become  hardened  by  the  acid,  the 
yolk  should  be  washed  with  water  and  treated  sue- 
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rtosoiute  alcohol. 

The  staining,  &c.  may  1 
way. 

If  osmic  acid,  which  "w 
serviceable  for  these  early  st 
be  necessary  to  remove  the  b 
before  treating  it  with  the  re 

The  following  transverse  6 
portant  at  this  stage : 

1.  Through  the  medullary  groo 

a.      The  medvUary  folds  with 
blast. 

h.      The  notochord  under  the  n 
c.      The  commencing  cleavage  < 

2.  Through   the  region  where 
diverge,  to  enclose  the  end  of 
shewing  the  greatly  increasec 
lary  groove,  but  otherwise 
the  arrangement  of  the  parta 

3.  Through  the  fror.*-  —" 
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y  II.    Examination  of  an  nnincnbated  Blastoderm. 

A.  Opening  the  egg.     Vide  II.  A. 

B.  Examination  of  the  blastoderm  in  situ. 

Observe  the  central  white  spot  and  the  peripheral 
more  transparent  portion  of  the  blastoderm  and  the 
halones  around  it 

C.  Removal  of  the  blastoderm.    Vide  VI.  C. 

With  the  unincubated  blastoderm  still  greater  care 
is  required  in  removal  than  with  the  20  hours'  blasto- 
derm, and  there  is  no  special  advantage  in  doing  so 
unless  it  is  intended  to  harden  it  with  osmic  acid. 

D.  Surface  view  transparent  front  above. 
Observe  the  absence  of  the  central  opacity. 

E.  Surface  view  transparent  from  underneath. 
Nothing  further  to  be  observed  than  from  above. 

F.  As  an  opaque  object. 

There  is  nothing  to  be  learnt  from  this. 

G.  Sections, 

« 

Manipulation  as  in  YL  O. 

The  sections  shew 

a.  The  distinct  epiblast, 

b.  The  lotcer  layer  cells  not  as  yet  differentiated 
into  mesoblast  and  hypoblast. 

c.  The  thickened  edge  of  the  blastoderm. 

cL     The  segmenUUion  cavity  and^om       n  cells. 
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IX.    TSranilnalion  of  iha  later  changes  of  the  Embrya 

For  the  later  stages,  and  especially  for  the  deve- 
lopment of  the  skull  and  the  vascular  system  of  the 
body  of  the  chick,  it  will  be  found  necessary  to  dissect 
the  embryo.  This  can  be  done  either  with  the  fresh 
embryo  or  more  advantageously  with  embryos  which 
have  been  preserved  in  spirit 

If  the  embryos  are  placed  while  still  living  into 
spirit  a  natural  injection  may  be  obtained.  And  such 
an  injection  is  the  best  for  following  out  the  arrange- 
ment of  the  blood-vessels. 

Sections  of  course  will  be  available  for  study, 
especially  when  combined  with  dissectionfl. 

X    Stndy  of  the  development  of  the  Blood-vessels. 

Observations  on  this  subject  must  be  made  with 
blastoderms  of  between  30 — 40  hours.  These  are  to 
be  removed  from  the  egg,  in  the  usual  way  (vide  II. 
A.  and  C),  spread  out  over  a  glass  slip  and  examined 
from  below,  vide  II.  E. 

The  blastoderm  when  under  examination  must  be 
protected  by  a  coverslip  with  the  usual  precautions 
against  pressure  and  evaporation,  and  a  hot  stage 
must  also  be  employed. 

Fresh  objects  so  prepared  require  to  be  examined 
with  a  considerable  magnifying  power  (400  to  800 
diameters).  From  a  series  of  specimens  between  30 
and  40  hours  old  all  the  points  we  have  mentioned 
in  Chapter  iv.  p.  92,  can  without  much  difficulty  be 
observed. 

Especial  attention  should  be  paid  in  the  earlier 
specimens  to  the  masses  of  nuclei  enveloped  in  pro- 
toplasm and  connected  with  each  other  by  proto- 
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plastnio   processes;   and  in  the  later  rtagM  to  tt* 
breaking  np  of  theM  masMS  into  blood  < 
and   tho  conversion   of  the  protopUamio    ; 
into  capiUaries,  with  cellular  Tails. 

Blastoderms  treated  in  the  foUowing  m,ym  ma.j 
be  used  to  corroborate  the  obeervationa  made  on  the 

WilA  gold  eliloride. 
Imtnerse  the  blnstoderm  in  gold  chloride  ("5  {Il&) 
for  one  minute  and  then  wash  with  distilled  wtAer 
and  mount  in  glycerine  and  examine. 

Sj  this  method  of  preparatioii,  the  nnolei  and 
protc^lasmic  processus  are  rendered  more  dirtinot^ 
without  the  whole  being  tendered  too  opaque  for 
observation. 

The  blastoderm  after  the  applicataoa  of  flie  gold 
chloride  should  become  a  pole  atraw  oolosr;  if  it 
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f reelj  in  the  early  spring  months  of  the  year  and  will 
give  ample  opportunity  for  the  student  to  observe  the 
exact  time  when  the  female  is  covered.  A  number 
of  does  should  be  kept  together  in  a  large  pen,  and 
two  or  three  bucks  in  separate  small  cages  also  placed 
within  the  pen ;  at  the  period  of  heat,  the  doe  should 
be  temporarily  placed  with  the  buck  and  the  exact 
time  of  copulation  noted,  the  age  of  the  embryo 
being  calculated  from  that  hour. 

XII.     Examination  of  segmenting  ova. 

It  will  be  well  to  mention  here  that  although 
a  doe  may  have  been  satisfactorily  covered,  embryos 
are  not  always  obtained  from  her.  A  superficial 
examination  of  the  ovaries  will  determine  whether  or 
no  fertilized  ova  are  present.  K  ova  have  been 
recently  dehbced  from  the  ovary,  the  Graafian  follicles 
from  which  they  were  discharged  will  be  found  to  be 
of  a  distinctly  red  colour.  In  case  no  such  '  corpora 
lutea '  as  they  are  called  are  present  further  search  is 
useless. 

A.    To  obtain  ova  from  i  to  60  hours  old. 

Cut  open  the  abdomen  from  pubis  to  sternum, 
and  from  the  pubis  round  the  thigh  of  each  side,  and 
turn  back  the  flaps  of  the  body  wall  so  formed. 
Itemove  the  viscera  and  observe  below  (dorsal)  the 
single  median  vagina,  from  the  anterior  end  of  which 
the  uterine  horns  diverga 

Observe  at  the  anterior  end  of  each  uterine  horn 
a  small  much  coOed  tube,  the  oviduct  (Fallopian 
tube)  near  the  anterior  end  of  which  a  little  below 
the  kidney  lies  the  ovary.  Cut  out  the  uterus  and 
oviduct  together  and  lay  them  in  a  small  dissecting 
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"uo  auct  with 

to  one  side  of  an  ovun 

the  oriduct  on  the  other 

glide  out  through  the  sli 

ported  upon  the  point  o 

better  spear-headed  need 

be  distinguished  in  the  < 

vation,  the  latter  must  b 

"cissors,  when  it  wiU  easiJ 

ordinary  dissecting  Ien& 

B.    Treatment  of  t/u  ovum. 

TheoTummajbeexar 
It  18  however  more  instru 
stained  in  the  following  ma 

*      Immerse  it  in  a  »  p.c. 

5  or  even   10  minut 

the  picrocannine  solut 

After  staining  the  ovui 

lu  distilled  water  and 

tion  of  gljcerine  in  a 
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verj  gradually  more  and  moro  dense.  It  should 
be  mounted  in  glycerine  in  which  1  p.  a  formic 
acid  has  been  mixed  to  prevent  fungoid  growths. 
Care  must  be  taken  that  there  is  no  pressure 
upon  the  OTum  this  being  insured  by  the  inser- 
tion of  a  couple  of  slips  of  paper  one  on  each  side 
of  the  ovxvai  under  the  cover  glass. 

6.  Another  method  of  preservation  is  used,  but 
does  not  appear  to  us  so  successful  as  the  one 
already  described.  It  consists  of  an  immersion 
of  the  ovum  for  5  minutes  in  -J^  to  ^  p.c.  osmic 
acid,  subsequent  treatment  with  Milller's  fluid 
for  two  or  three  days,  and  finally  mounting  in 
glycerine. 

C.    Examination  of  the  ovum. 

The  most  instructive  stages  to  observe  are  ova  of 

a.      18  hours  old,  when  four  segmentation  spheres 

will  be  observed. 
h,      36  hours  old  when  the  segmentation  is  more 

advanced  and  the  spheres  numerous. 

The  chief  points  to  be  noted  are  : — 

1.  The  number  and  size  of  the  segmentation  spheres ; 
in  each  of  which,  when  treated  as  described  in  B.  a., 
a  large  deeply  stained  nucleus  will  be  visible.  The 
spheres  themselves  are  also  stained  slightly. 

2.  The  presence  of  one  or  two  polar  bodies  on  the 
outer  side  of  the  segments  in  ova  of  not  more  than 
48  hours  old :  these  also  are  slightly  stained. 

3.  The  zona  radiata  immediately  surrounding  the 
segments,  and 

4.  The  thick  albiuninous  coat,  marked  with  con- 
centric rings. 
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XIIL  'RxamiTiatipn  of  the  Mastodennic  vesicle,  72—90  hours. 

A.  To  obtain  the  embryo  see  XII.  D. 

B.  Prepare  the  ovum  either  as  in  XII.  B.  or  D. 

or  in  picric  acid  see  I.  B.  i. 

C.  Surface  view,  or  in  section  see  I.  B.  3. 
Observe : — 

1.  The  great  increase  in  size  of  the  ovum  and  the 
redaction  in  the  thickness  of  the  membranes. 

2.  The  flattened  layer  of  outer  cells  enclosing  a  cavity. 

3.  The  rounded  cells  of  the  inner  mass  attached  as  a 
lens-shaped  mass  to  one  side  of  the  vesicle. 

XI Y.  Examination  of  a  blastodermic  vesicle  of  7  dasrs, 
in  which  the  embryonic  area  and  primitive  streak  are 
present. 

A.    To  obtain  the  embryo. 

On  opening  the  body  cavity  the  uterus  will  be 
found  to  be  uniformly  swollen  and  very  vascular. 

Bemove  the  uterus  and  open  it  carefully  with 
fine  scissors  along  the  free,  non-mesometric  edge, 
taking  care  to  keep  the  point  of  the  scissors  within 
the  uterus  close  against  its  wall. 

Observe 

1.  The  oval  thin- walled  vesicles  lying  at  intervals 
on  the  walls  of  the  uterus. 

2.  The  presence  of  the  pyriform  embryonic  area,  at 
the  posterior  end  of  which  is  seen  the  primitive 
streak. 

P.  &  B.  30 
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,  The  commencement  of  the  area  vasculosa  axouud 
the  hind  end  of  the  area.  This  ia  seen  l«tt«r 
after  treatment  with  picric  add. 

TreahfifHl  and  Eiramhiation  of  the  embrys. 
a.      Preserve    the   Tesiele    in    picrio    aeo    I.    B    1. 
Stain  in  haematoxjriin,  cut  out  tliB  embryoDie 
&rt^  leaving  a  considerable  margin,  imbed  and 
out  into  sections. 
5.      In  transverse  soctiona  observe  : — 

At  the  anterior  euJ  of  ttie  area  iLe  single  row  of 
columnar  epiblast  and  the  single  row  of  flatuuin] 
hypoblast  cells. 

Immediately  iu  front  of  tlie  primitive  streak  be- 
tween these  two  hiyers  a  few  irregiilarlj'  sbaion) 
mesobloat  cells. 
Through  the  middle  of  the  primitive  streak. 
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owing  to  the  fact  that  the  wall  of  the  embiyonic 
vesicle  is  exceedingly  thin,  and  attached  to  the  ute- 
rine wall,  they  are  very  difficult  to  obtain  whole. 

Cut  the  uterus  transversely  on  each  side  of  the 
swellings  and  pin  the  pieces  so  obtained  slightly 
stretched  out  in  small  dissecting  dishes.  Cover  the 
tissue  with  picric  acid  solution  and  allow  it  to  remain 
untouched  for  an  hour.  Then  with  two  pairs  of  fine 
pointed  forceps  carefully  tear  the  uterus  longitu- 
dinally, slightly  to  one  side  of  the  median  line  of  the 
free  side.  This  operation  will  necessarily  take  some 
time,  for  but  a  small  portion  should  be  done  at  once, 
the  picric  acid  being  allowed  time  to  penetrate  into 
that  part  of  the  uterus  which  has  been  most  recently 
torn  open. 

With  care,  however,  the  student  will  be  able  to 
open  completely  the  swelling  and  will  observe  within 
the  thin  walled  vesicle.  Great  care  must  also  be 
exercised  in  freeing  the  vesicle  from  the  uterus. 

This  dissection  should  be  performed  with  the  aid 
of  a  dissecting  lens.  In  case  the  embryonic  vesicle 
is  burst  it  will  still  be  possible  to  extract  the  embryonic 
area  which  lies  on  the  mesometric  side  of  the  uterus; 
the  area  itself  is  not  attached  to  the  uterine  walls. 

B.    Examination  of  surface  view. 
Observe : 

1.  The  increased  size  of  the  embryonic  area. 

2.  In  the  anterior  region  the  medullary  folds;   di- 
verging behind  and  enclosing  between  them, 

3.  The  primitive  streak. 

4.  The  area  opaca  now  completely  surrounding  the 
embryo. 

30—2 
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C.    Examiiitttwti  of  sections. 
Prepare  and  cut  into 

in  XIV.  B. 
Notice 

1.  la  the  sectiona  of  the  nntorior  Kgioo, 

a.      The  Utei-al  epiblast  compoBed  of  seveiKl  lajcn 

of  columnar  cells. 
6.      The  epibliist  in  the  mediaji  line  one  layer  thick 

and  in  the  form  of  a  groove  (medull&ty  groove). 
e.       The  lateral  platea  of  mesoblast. 
d.      The  fiatt«ned  latcrul  hjipoblast,  and  coInnuMr 

hypoblast  uiiderlyiug  medullaty  groove   (nM^ 

chord). 

2,  In  sections  tlirongh  the  anterior  end  of  the  pttmi- 
tivQ  streak, 

Note  the  continuation  of  the  epiblast,  tnesolihuc 
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4.  The  two  lateral  tubes  of  the  heart,  and  the  com- 
mencement of  the  two  vitelline  veins. 

5.  The  rudiment  of  the  primitive  streak, 

6.  The  commencing  head  and  tail  folds. 

7.  The  commencing  folds  of  the  amnion. 
Compare  Fig.  106. 


X  YII.  Ezaminatioii  of  the  foetal  membranes  of  an  embryo 

of  14  days. 

A.  71?  obtain  the  embryo,  with  its  membranes. 

Manipulate  as  in  XY.  A.  onlj  dissect  under  salt 
solution  instead  of  picric  acid. 

B.  Observe  before  removing  the  embryo  from  the 

uterus; 

1.  The  attachment  of  the  vesicle  to  the  mesometric 
side  of  the  uterus  over  a  discoidal  area,  the 
placental  area. 

2.  The  position  and  form  of  the  placenta. 

C.  Remove  the  embryo  with  its  membranes  intact, 
and  observe : 

1.  the  vascular  yolk  sac,  extending  completely  round 
the  chorion  with  the  exception  of  a  comparatively 
small  area  where 

2.  the  allantois  is  situated.  The  vascularity  of  the 
allantois.  The  foetal  vilU  projecting  into  the 
maternal  placental  tissua 


,li 


3.  The  flattened  yoll 
long  stalk ;  its  cir< 

4.  The  heart. 

■ 

t  i  E.    TIu  embryo  in  surfi 

(i .  The  poiuts  to  be  obse 

i' 

1 1      ..  1.      The  cranial  and  bo( 

^     '^     ■•  of  the  hinder  portio 

2.  The  vesicles  of  the 
fore-brain,  mid-brain 

3.  The  eye,  and  the  ear. 


^,  4.      The  heart. 

'I 


1 1  5.      The  visceral  ai*ches  a 


6.      The  fore  and  hind  lii 
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Note  A* 

Since  writing  the  account  of  section-catting  on  p,  434, 
we  have  obtained  more  experience  as  to  the  practical  work- 
ing of  Messrs.  Caldwell  and  Threlf all's  microtome  there 
mentioned.  We  find  that  it  cuts  more  accurately  and  better 
than  any  other  microtome  with  which  we  are  acquainted, 
and  can  confidently  recommend  it  to  investigators  and 
teachers  with  large  classes.  In  the  Cambridge  Laboratory, 
it  is  driven  by  a  small  water  engine  and  will  cut  at  a  rate 
of  500  a  minute,  without  detriment  to  the  sections, 

NOTB  B. 

Mr  Threlfall,  of  Caius  College,  has  recently  elaborated 
a  method  of  mounting  sections  which  in  our  opinion  has 
many  important  advantages  over  the  shellac  method.  It  is 
as  follows.  Make  a  solution  of  pure  india-rubber  in  benzine 
or  chloroform.  Spread  a  thin  film  of  this  on  a  clean  glass 
slide,  and  allow  it  to  dry.  Arrange  the  sections  on  the 
film;  melt  the  paraffin;  allow  the  slide  to  cool,  then 
immerse  the  slide  for  a  moment  in  benzoline  (liquid 
parafiin),  which  dissolves  the  paraffin,  and  mount  in  balsam. 
The  chief  advantages  of  this  method  are  that  the  sections 
do  not  adhere  to  the  india-rubber  until  warmed,  and  they  can 
be  stained  after  they  are  fixed  on  the  slide  if  necessary. 
For  the  latter  purpose,  wash  the  benzoline  away  with 
absolute  alcohol ;  treat  with  weaker  alcohol ;  stain ;  return 
to  absolute ;  clear  with  oil  of  cloves  or  kreasote,  and  mount 
in  balsam  (vide  Zoologischer  Anzeiger,  1883). 
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Abdominal  wall  of  chick,  381 

Air-chamber,  3 

Albumen :  composition  of,  3 ; 
arrangement  of,  in  hen's  egg, 
8 ;  formation  of^  in  hen,  16 ; 
fate  of,  in  hen's  egg,  109;  of 
incubated  egg,  185 

Alimentary  canal  of  chick,  38 — 33, 
39;  of  third  day  and  appena- 
ages  of,  171 — 185 ;  mammalia, 
417—431 

Alisphenoid  region  of  ohick,  340, 
346 

Allantoic  arteries:  of  chick,  335, 
293,  298;  in  manmials,  348, 
410—413 

Allantoic  veins  of  ohick,  318,  2871 
390;  of  mammals,  343 

Allantoic  stalk,  351 

Allantois:  of  chick,  38 — 33,  46 
—47,  107,  183—185,  377,  380; 
as  a  means  of  respiration,  333 ; 
pulsation  of,  377 ;  of  rabbit,  for- 
mation of,  3^1,  353;  of  human 

embryo,   330^340*  355—358; 

of  mammalia,  structure  of,  348; 

of  marsupials,  353 ;  of  dog,  358 

Alum  carmine,  to  make  and  use, 

431 
Amnion :  of  chick,  38 — 33, 43 — 46, 

63,  107,  195;  of  third  day,  113, 

376 — 380;   pulsation  of,    377, 

378;  false,  of   ohick,  46;    of 

rabbit,    330,    353;  of  human 

embryo,  338 — 340  «of   mam- 


malia, 343 ;  structure  of  mam- 
malian, 346 ;  of  dog,  358 
Amphioxus,  spinal  cord  of,  354 
Annuli  fibrosi  of  birds,  310 
Anterior  commissure  of  cerebral 

hemisphere,  mammalia,  381 
Aorta  of  chick,   334,  393,  398; 

of  mammals,  407 
AortiB  of  ohick  of  second  day, 

89,  103 
Aortic  arches  of  chick,  103,  106, 

167;  of  fourth  day,  335,  391 — 

398 
Apes'  placenta,  355 ;  histology  of^ 

363 ;  derivation  of,  364 
Aqueductus   yestibuli  of   ohick, 

158 
Aqueductus  sylvii  (see  iter,) 
Aqueous  humour:  of  chick,  153 — 

154;  of  mammalia,  A90 
Arbor  vitae  of  birds,  309 
Area  opaca  of  chick,  7,  49,  195 ; 

mesoblast  of,  65  ;  hypoblast  of, 

65 ;  vascular  portion  of,  74 — 75, 

no;  of  third  day,  109 
Areapellucida:  of  cluck,  8, 49,  55; 

of  third  day,  1 10 ;  of  mammals. 

Area   vasculosa :  of  mammalia, 
formation  of,  343 ;  circulation 

o^  343-^346 
Arteria  centralis  retinsB  of  mam« 

malia,  387 — 390 
Arterial  system :  of  chick,  334 — 
336,  391 — 303;  mammalia,  407 

Arterial  arches,  mammalia,  407 


""■  ■"nnimnj;,,; 


"■  "nincubated  i, 


"r--  dcri, 
tnrs  of,  i 
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Carotid:  common  artery  of  chick, 
995, 198;  external  and  internal 
artery,  992,  295;  of  bird  and 
mammal,  ^08 

Carpns  of  chick,  234 

Cartilage  bones,  243 ;  of  skull  of 
chick,  946 

Cerato-hyals  of  chick,  245 

Cerebellum:  of  chick,  i^a,  903, 
368 — 370  ;  of  mammalia,  367 
— 370;  ventricle  of,  368;  <io- 
roid  plexus  of,  368;  pyramids, 
and  olivary  bodies  of^  368; 
arbor  vitsB,  flocculi  of,  369 ; 
pons  varolii  of,  369,  370;  velum 
medullsB  ant.  370 

Cerebral  hemispheres:  of  chick, 
117;  of  mammalia,  376—385; 
ventricles  of,  377;  lamina  ter- 
minalis,  377;  corpus  striatum, 
378;  commissures of^  381 — 383; 
septum  lucidum,  383;  fissures 

off  384—385 
Cerebral  vesicles  of  chick,  200; 

of  second  day,  79,  100 
Cerebro-spinal  canal  in  chick,  40 
Cerebrum  of  mammalia,  mono< 

tremata,  insectivora,  384 
Chalazse,  4 

Cheiroptera,  placenta  of,  353 
Chest  wall,  of  chick,  a8i 
Chorion :    of  hen's  egg,  47  ;    of 

mammal,  true  and  false,  348; 

of  rabbit,  true  and  false,  353 ; 

of   human   ovum,    355—358; 

of  dog,  358 
Chorion  laBve,  356 — 358 
Chorion  frondosum,  356 — 358 
Chorionic  villi  of  mammal,  340 
Choroid  coat  of  eye,  of  chick, 

Choroid  plexuses  of  mammalia, 

368,  j8o 
Choroidal  fissure  of  chick,  136— 

141,  147 — 149;  of  mammalia, 

387  . 
Chromic  acid,  427 — 428 
Cicatricula,  4 
Ciliary  :  ganglion  of  chick,  1 18  ; 

ridges  of  chick,  142  ;  muscles, 


Circulation:  in  chick  of  second 
day,  105;  of  third  day,  no — 
113;  of  chick,  later  stages, 
263 — 264 

Circulatory  system  of  chick,  r^- 
sum6,  298—303 

Clavicle :  man,  405 ;  of  chick,  234 

Clinoid  ridge,  posterior,  chick, 
240 

Clitoris,  mammalia,  417 

Cloaca  of  chick,  1 74 ;  mammalia, 
418 

Cochlea  of  chick,  203 

Cochlear  canal,  mammalia,  390 — 

398 
Cock,    ooni-vasculosi,    parepidi- 
dymis and  vas  deferens  of,  224 
Columella  of  chick,  166,  245 
Commissures  of  spinal  cord,  253, 

256 
Coni-vasculosi  of  cock,  224 

Cornea  of  chick,   150 — 153;    of 

mammalia,  3^ 
Comu    ammonis,    (see    Hippoc. 

major) 
Coracoia  of  chick,  234 
Coronary  vein,  mammalia,  409 — 

413 
Corpora  bigemina  of  chick,  121 

Corpora  mammilaria,  378 

Corpora  quadrigemina  of  mam- 
malia, ^70;  geniculata,  371 

Corpus  albicans,  373 

Corpus  callosum :  mammalia,  381 ; 
rostrum  of,  383 ;  of  marsupials, 
383  ;  of  monotremes,  383 

Corpus  luteum,  3 1 1 

Corpus  striatum,  mammalia,  378 

Corrosive  sublimate,  how  to  use, 
426 

Cotyledonary  placenta,  derivation 
of,  364 

Cotyledons,  359 

Cranial  flexure :  of  chick,  1 16, 196; 
of  second  day,  loi  ;  of  rabbit, 
333 ;  of  human  embryo,  338 

Cranial  nerves :  of  chick,  123 — 129, 
203 ;  of  second  day,  10  r  ;  de- 
velopment of,  127 — 129  ;  of 
mammalia,  400 

Cranium    of    chick,    235—242 


x/eciana :  of  human  placenta,  356 ; 
reflexa  in  human,  ^56 — 358  ; 
vera,  356 — 358 ;  serotma,  356 — 
358 ;  reflexa  in  dog,  359 
Deciduate  placenta,  352 ;  histology 
of,  360 
>  Dentajy  bones,  746 

Dentine,  mammalia,  42  x 
\  '•  BEscEMET'smcmbrone,  chick,  151 

^i  •  Diaphragm,    miscles    of,    an; 

'• '  mammalia,  406 

i<  Diffuse  placenta,  359;  histology 

of,  360 
1 .  Discoidal  placenta,  353 

^  ...  ./^  Dog,  placenta  of,  relation  with 

'  placenta  of  rabbit,  358 

,  Dorsal  aorta  of  chick,  167 

Ductus  arteriosus,  man,  408 
j  I  Ductus  cochlearis  of  chick,  159 

'f  Ductus  Botalli  of  chick,  287,  289, 

296 ;  of  manmialia,  408 
1  Ductus  Cuvieri  of  chick,  170,  228, 

984 
{ J  Ductus  yenosus  of  chick,  169, 226 ; 

of  mammalia,  413 
Duodenum  of  chick,  172 — 174 

'■i    ■ 

J  E 

;l 

<  |i  Ear:  of  chick,  156 — 161;  of  mam- 

J  malia,     390 — 397  ;     accessory 

"  structures  of,  397 — 399 

'  Egg  tubes  of  Pfl" — 
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Epoophoron,  of  hen,  224 

Ethmoid:  region,  chick,  940; 
lateral,  941 ;  bone,  chick,  746 

Eustachian  tube:  of  chick,  165; 
of  rabbit,  334;  of  mammalia, 
397—418 

Eustachian  valve:  of  heart  of 
chick,  263 — 4 

External  auditory  meatus  of  mam- 
malia, 398 

External  carotid  artery,  chick,  925 

Eye;  of  chick,  200;  development 
of,    132 — 155  ;    of  mammalia, 

387—390 
Eyelids,  of  chick,  155 ;  of  mam- 
malia, 390 


F 


Face  of  chick,   246;   of  human 

embryo,  340 
Facial  nerve  (see  Seventh) 
Falciform  ligament,  mammalia, 

420 
Fallopian  tubes,  mammalia,  415 
False  amnion  of  chick,  46 
Falx  cerebri  mammalia,  377 
Fadciculi  teretes,  368 
Feathers,  formation  of,  282 
Female  pronucleus,  17 
Femur,  chick,  23X 
Fenestra  ovalis,  01  chick,  166, 245 ; 

mammalia,  398 
Fenestra  rotunda  of  chick,  166, 

245;  mammalia,  398 
Fibula,  chick,  234 
Fifth  nerve  of  chick,  126 — 129, 

203 
Fifth  ventricle  of  man,  383 
First  cerebral  vesicle  of  chick, 

second  day,  97 
Fissures  of  spinal  cord,  2^4 
Flocouli  of  cerebellum  of  bu:d8,369 
Fcetal  appendages :  of  chick,  276 — 
280;  amnion,  276 — 278;  allan- 
tois,  277;  yolk-sac,  277;  mem- 
branes of  mammal,  to  examine, 

Foldmg-ofiP  of  embryo  chick,  113, 

196 
Follicle,  ovarian,  12 — 15 


Foramen  ovale :  of  heart  of  chick, 
262,  264,  289,  297,  302 

Foramen  of  Monro,  372 

Fore  brain :  of  chick,  100 ;  of  rab- 
bit, 329;  of  mammalia,  371 — 
385;  optic  vesicles  of,  387 — 390; 
uialamencephalon,  3 7 1 — 376 ; 
cerebral  hemispheres,  376— 
385 ;  olfactory  lobes,  38 j 

Foregut  of  chick,  formation  of^ 
81—82 

Formation  of  the  layers  in  mam- 
mals, 314—325 

Formative  cells,  23 — 24 

Fornix,  mammalia,  381;  pillars 
of,  J83 

Fourth  ventricle,  chick,  122 ; 
mammalia,  368 

Fourth  nerve,  chick,  128 

Fretum  Halleri,  chick,  229 

Frontal  bones,  chick,  246 

Fronto  nasal  process,  chick,  165, 
202,  246 


G 


Gall-bladder  of  chick,  i8x 
Gasserian  gangUon,  chick,  128 
Generativeglands :  of  chick,  220 — 

224;  of  mammalia,  414 — 415 
Generative  organs,  external,  mam- 
malia, 415—417 
Genital  oord,  mammalia,  415 
Genital  ridge,  chick,  220 
Germ  cells,  primitive,  of  chick, 

221 
Germinal  disc  of  chick,  12 
Germinal  epithelium,  213 
Germinal  layers  of  chick,  26 
(terminal  vesicle  of  chick,  12 
Germinal  wall,  52 ;  structure  of, 

65 — 66;  function  of,  66 
Glomeruli  of  kidney  of    ohick. 

Glands,  epidermic,  of  mammalia, 

366 
Glomemlns  of  Wolffian  body  of 

chick,  191 
Glossopharyngeal  nerve  {tee  Ninth 

nerved 
Gold       oride,  460 


liiliin  follicle,  chiok,  izi.  ito 
y  matter,  of  sjiiuat  cord  of 
liiolci  tt(^;  of  biaiu  of  mam- 


..  I7 

)f  tmbij'o  of  chick.  70 
iimi-piK,  Ktiucmre  of  blasto- 
Uim  of,  31J;  relation  of  eni- 
.rM'jiio  lajcra  of.  313;  in\ct- 
i'lii  of  ILo  layers  in,  3^1 

U 


liKinB   ronBcnt',    425 — 418; 

iiiili',  436 :  oBniic  acid ;  417; 
iiKiiiio  nciil,  417;  absoluto 
( t'hol,  43S  ;  tlio  ncccseity  of, 

1   of  rhiclt,  200;   of  rabbit, 

ir.'lilofcliiclt,  ]-—](). 33^3-; 
t^i  io  Iioiirs,  do;  ]o  to  14 
•'MS,  66;  of  FCcomi  day,  jj  ; 
in:uiimal.  319 


Ben's  ™,  albumen  of,  3.  16; 
blaatoderm,  7 — 10.  ifi;  ,-: 
ehalazffi,  4  ;  cicatricnit,  4  ;  im- 
pregriBlion  of.  17;  lajing  of, 
17;  polar  bodies  ot,  i^  ;  ic;. 
menUtion  of,  18—14;  TiteliiM 
membniDe  of,  4,  13 — k;  joli 
of.  +—7  i  chorion  of,  47":'  jhfll 
of,  1,  16;  irregulnr  detrfop- 
menl  of,  48,  49  ;  segmentftiiuii, 
csTily  of,  50 

Hepatio  cylindera  of  cliicb,  179; 
circulation  of  chick,  1 1 7  ■  veiiii 
28S— 390  ' 

Hind  bruin:  of  chick,  100;  ol 
rabbit,  339  ;  of  mammals,  and 
birds,  367—370;  meauUa  of, 
36; ;   certbeUum   of,  367—370 

Hippo-campna  major,  n.»t^,...li. 

Hippo-campal  fiaanre  of  cerebmin 

of  inammalin,  3^1; 
Histological    difjurentiation,    in 

chick,   369—173;   of   epiblast, 

369,   i;[;    of  hvpoblaat,    169; 

of  iiienoblast,  169 
Hintolofiy  of  placenta,  mj 
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differentiation  of,  269;   of  di- 
gestive canal,  971 ;  of  respira- 
tory ducts,  27a ;  of  allantoiSy 
273;  notochordal,  273 
Hypoblast  of  rabbit  embryo,  316, 

Hypoblastic  mesoblast  of  chick, 
59 — 62  ;  of  mammal,  32 1 

Hypogastric  veins:  chick,  289; 
mammalia,  411 — 413 

Hypohyal,  mammalia,  40^ 

Hypophysis  cerebri  {tee  Pituitary 
body) 

Hyrax,  placenta  of,  358 


Ischium,  chick,  234 
Island  of  Beil,  385 
Iter  a  tertio  ad  quartom  ventricn- 
lam,  121,  370 


Jngal  bones,  chick,  246 
Jugular  vein,  284 — 290 


Kidney:  of  chick,  218 — 220;  tu- 
bules of,  219 ;  of  mammalia, 
414 


Heum,  chick,  234 
Iliac  veins,  mammalia,  411 — 413 
Imbedding,  methods  of,  432 — 434 
Impregnation 'of  hen's  egg,    17; 

of  ovum  of  mammal,  310—312 
lucubators,  makers  of,  and  how 

to  manage,  423 
Incus,  mammalia,  398,  40^1 
Inferior  cardinal  veins,  chick,  228 
Inf undibulum :  chick,  1 1 9 — 121; 

ventricle  of,  373 ;  tuber  cmereum 

of,  J73 ;  of  mammalia,  372  ;  of 

birds,  372 
Inner  mass  of  segmented  ovum, 

314;   of  blastodermic  vesicle, 

314 
Innominate  artery  of  chick,  296 — 

8 

Insectivora,  placenta  of,  353 

Intercostal     veins,     mammalia, 

4"— 413 
Interhyal  ligament,  403 

Intermediate  cell  mass  of  ohiok, 

95,  189,  190 
Internal  carotid  arteiy,  chick,  225 
Inter-nasal  plate,  chick,  240 
Inter-orbital  plate  of  chicly  240 
Intervertebral   ligaments,   mam- 
malia, 400 
Intervertebral  regions,  chick,  207, 

209 
Intestine,  mammalia,  419 
Inversion  of  the  layers,  341 


Labia  majora,  mammalia,  416 

Lacrymal  bones,  chick,  246 ;  ducts, 

chick,  155,  156;  glands,  chick, 

X55»  156;  groove,  chick,  248; 

duct,  mammalia,  390 

Lagena,  chick,  159 ;  birds,  397, 

398 
Lamina,  dorsalis  of  chick,  29,  62 

Lamina  spiralis,  mammalia,  307 

Lamina   terminalis,  inammaha, 

377  . 
Large  intestine  of  chick,  174 

Larynx  of  chick,  177 

Lateral    folds  of  blastoderm  of 

chick,  37 ;  of  chick  of  second 

day,  96 
Lateral  plates  of  mesoblast,  68 
Lateral  ventricles  of  chick,  117  ; 

of  mammalia,  377 ;  oomua  of. 

Laying  of  eggs,  17 

Lecithin,  6 

Legs  of  chick,  200 

Lens,  chick,  formation  of^  134, 

149 
Ligamenta  suspensoria,  of  birds, 

210 
Ligamentum,   pectinatum,   144 ; 

vesiciB  medium,  351 
Ligamentum    longitudinale    an- 

teriua  and  poEterias,mammalia, 

402 


i>.ir|iii«flc',  chick,  iSi 
1  w  0  js'-rii  "Is  c  if  ilevel'ip 


Medulluy  groove,   of  chid,  19. 

61—65;   of  rabbit,    310*   jit; 

of  mail,   33S ;    cloenra  0^  ii 

tDammal,  33^ — 33^ 
MedallaiT  plate,  of  thick,  6)  ;  of 

rabbit,  310;  of  man,  318 
Membraaa  oapaulo  pupillarii  of 

maminalia,  387 — 389 
Hembrana  limitanB  externa,  145; 

gisnolosa,  310 
Meiubrana  propria    of    foUtclMi 

Membrane :  of  ahell  of  hen's  eg;, 
I  ;  BerouB,  of  chick,  31 — 41 ; 
TitelliDe  of  ilea's  egg,  13 15 

Membrane  bones,  341 ;  of  skill], 

Membrane  of  BeisEiter, 


■    nicb,    cliiuk,    J4-J— 


Meuiaeas  of  birds,  a  10 
Merublaslio  Be(,Tnent«tion,  18 
Mesenteric   yeins  of    chick.  itS. 
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MesoTaritun  of  fowl,  1 1 
Metacarpus,  chick,  354 
MetadiBcoidal  placenta,  hifitology 

of,  363 ;  deriyation  of,  364 
Metamorphosis  of  arterial  arches, 

bird  and  mammalia,  408 
Metanephos  (see  Kidney) 
Meianephrio  blastema,  of  chick, 

Microtomes,  and  makers  of,  434 

—435;  471 
Mid  brain:  of  chick,  100,  900;  of 

rabbit,  319;  of  mammalia,  370 

37   ;  Tentriele  of«  370;  nates 

and   testes  of,    371;    corpora 

genienlata,  and  crura  cerebri  of, 

371 
Monotremata,  foetal  membranes 

of,  35a 
Mouse,  inrersion  of  the  layers  in, 

341 
Mouth,  chick,  149, 381 ;  of  rabbit, 

formation  of,  33^ 

MfUlerian  duct :  cmck,  2 1 4 — 2 1 8 ; 
mammalia,  414 — 415 

Muscle  plates  of  chick,  187 — 189, 
304 — 108,  111;  segmentation 
of,  ail 

Muscles:  hyposkeletal, chick,  iti ; 
episkdetal,  chick,  91 1;  cuta- 
neous, chick,  3 1 1 ;  extrihsic  and 
intrinsic  of  limb,  diick,  111 

Muscular  walls  of  heart  of  chick, 
88 


N 

Nails,  of  chick,  383 

Nares :  posterior,  diiok,  151;  an- 
terior and  posterior,  of  mami- 
malia,  399 

Nasal  capsule,  ohiek,  142 ;  car- 
tilages, chick,  ia6;  bones,  chick, 
246;  groove,  oniok,  146;  pro- 
cesses of  chick,  inner,  348; 
outer,   148;    labyrinth,  chick, 

^49—51 
Nasal  organ  {iee  Olfactory  organ) 

Nasal  pits,  of  birds,  71;  objck. 

Nates  of  mammalia,  371 
F.  (frB. 


Nerres,  of  chick  of  second  day, 
loi ;  of  mammalia,  400 

Nervous  system  of  mammalia, 
367—400 

Neural  band,  chick,  113;  crest, 
116 

Neural  canal  of  chick,  31 — 39, 66 ; 
second  and  third  day,  iii ;  de- 
velopment of^  151 — 156 

Neurenteric  canal,  of  chick,  71 — 
74,  175;  mammalia,  399;  of 
mole,  316,  398 

Ninth  nerve,  oniok,  126 — 119, 103 

Node  of  Hensen,  319 

Non-deciduate  placenta,  .^51 

Nose,  chick,  949 

Nostrils,  chick,  351 

Notochord:  of  cliick,  99,  60 — 6a, 
908 — 910,  937 — 938 ;  of  second 
day,  loi;  sheath  of  chick,  908; 
of  mammal,  393,  400;  forma- 
tion of,  395 

Nuclei,  16 

Nucleolus,  13 

Nucleus,  13 

Nucleus  of  Pander,  7 

Nucleus  puiposus,  of  birds,  910, 
401 

Nutrition  of  mammalian  embryo : 
308;  by  means  of  placenta,  350 


O 


Occipital:  supra-,  basi-,  ex-,  of 
chick,  946 ;  foramen,  chick,  937 

(Esophagus  of  chick,  173  ;  mam- 
malia, 418 

Olfactory  organ  of  chick,  161 ; 
nerve  of  chick,  169 ;  grooves, 
chick,  909 ;  lobes  of  mammalia, 

385 
Ohvaiy  bodies,  368 
Omentum,  mammalia,  lesser,  490; 

greater,  490 
Opisthotic  of  chick,  946 
Optio  vesicles :  of  chide  of  second 

d*y.  79»  97 ;  chick,  133—134 : 
formation   of,     141 — 144;    of 
bit,  399 

81 


^AgcMi    ui  tiacobson,  mammalifl 

399 
Oryoteropus,  plaoonta  of,  358 

Osmio  acid,  how  to  use,  427 

OsBeouB  labyrinth,  ohick,  158 

Otic  vesicle,  chick,  157 

Outer  layer,  of  blastodermic  vesi- 
cle, 314 

Ova,  primordial,  of  chick,  2a  i 

Ovarian  follicle:  of  hen,  11 — 15  ; 
mammal,  309 

Ovarian  ovimi :  of  hen,  11 — 15  ; 
of  mammals,  ^09 

Ovai^:  of  adult  hen,  11  ;  of 
ohick,  73a ;  of  manunals, 
309;  follicles  of,  309;  corpus 
lutenmof,  311 

Oviduct  of  adult  hen,  15 ;  of 
chick,  124 

Oviparous  animals,  308 

Ovum :  of  birds  and  mammals 
compared,  307;  of  mammal — 
in  follicle,  309 ;  membranes  of, 
310;  maturation  and  impreg- 
nation of,  310 — 312;  polar 
bodies  of,  311;  segmentation 
of,  312 — 314;  bl  asto]>ore  of 
(Beneden),  314 


V 
Palate,  mammalia.  ^20.  a  t  ■ 
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Polar  bodies,  17  ;  of  ova  of  mam- 
mals, an 
Polyootyledonary  plaoemia,  359; 

histology  of,  360 
Pons  Varolii  of  birds,   369;  of 

mammals,  370 
Position  of  embryo  chick  of  third 

and  fourth  days,  113 — 116 
Postanal  gut,  of  chick,  175 ;  of 

rabbit,  relation  of,  to  primitive 

streak,  339 
Posterior  nares,  chick,  102 
Potassium  bichromate,  460 
Premazilla  bones,  chick,  246 
Prenasal  bones  of  chick,  246 
Presphenoid  region,  chick,  ^40 — 

746 
Primitive  groove  of  chick,  56 ;  of 

rabbit,  310 
Primitive  streak  of  chick,  51 — 61 ; 

of  chick  firom  30  to  94  hoars, 

70;  of  rabbit,  319 
Processus  infondibuli,  chick,  121 
Proctodienm  of  chick,    175;    of 

mammal,  421 
Pronephros,  218 

Pronudens,  female,  17;  male,  17 
Prootic,  chick,  746 
Protovertebrffi    {see    Mesoblastic 

somites) 
Pterygo-palatine  bar,  chick,  243 
Pterygoid  bones,  chick,  246 
Pubis,  chick,  934 
Pulmonary  veins  of  chick,   218, 

289 — 390 
Pulmonary  arteries  of  chick,  294 — 

2^8;  mammalia,  407 
Pupil,  chick,  143 
Plynunids  of  cerebellum,  368 


Quadrato-jugal  bones,  246 
Quadrate,  oMck,  243 


R 


Babbit  embryo,  growth  of,  317 — 
334 ;  placenta  of,  353 
~  ius,  chick,  234 


Ra^i 


Bat,  inversion  of  the  layers  in, 

341 
Beoessus  labyrinthi,  mammalia, 

390—398 
Becessus  vestibuli  {iee  Aqueductus 

vestibuli)  chick,  103 
Bespiration  of  chick,  303 ;  of  third 

day,  no 
Bete  vasculosum,  mammalia,  414 
Betina,  chick,  143,  144—1^6 
Bibs,  diiok,  334;  mammalia,  405 
Bodentia,  plao!^ta  of,  ^53 
Bods  and  cones  of  retina,  chick, 

146 
Bostrum,  chick,  246 
Buminants'  placenta,  histology  of, 

360 


Saconlus    hemisphericus,    mam- 
malia, 390—398 
»Salivai7  glands,  mammalia,  410 
Scala  media  {tee  Cochlear  canal) 
Scala  tympani,  mammalia,  395 — 

397 
Scala  vestibuli,  mammalia,  395 — 

397 
Scapula  of  chick,  934 

Sclerotic  coat  of  eye  of  chick,  141 

Sclerotic  capsules,  mammalia,  405 

Scrotum,  mammalia,  416 

Sebaceous  glands,  366 

Secondary  optic  vesicle  {tee  Optic 
cup) 

Sections,  method  of  cutting,  434 
— ^436;  mounting  of,  436 

Segmentation:  of  nen's  egg,  18 
— 3i|.;  meroblastic,  18;  of  mam- 
malian ovum,  311 — 314;  of 
hen's  egg  to  observe,  4(8;  of 
mammalian  ovum  to  observe, 

46, 

Semicircular    canal:    of    chick, 

158;  mammalia,  ^90 — 398 
Semi-lunar  valves,  chick,  358 
Sense  capsules  of  chick,  211 — an 
Septum  lucidum,  mammalia,  383 
Septum-nasi,  chick,  146 
Serous  membrane  of  chick,  31— 

41 


aroiia  dnrelope  of  cbiek,   107; 

eveDth  nerve  of  chiuk,  117 — i3g. 


Shielci.  Dmbiyonjc,  orcliick,  49 
Uinus  rhomboidalia  :   of  embryo 

chick.  71,  81 ;  of  rabbit,  319 
SiDUB    tenuin^B,    of    chick    of 

Bemnd  da;,  gi,  104;  in  rabbit, 

.U.l 
Hinus  tciiosae  of  chicli,  ifig,  116. 

tikeletiin  of  limb,  ohick.  134 
Skcllof  chiok,  3 jj — ij  [ ;  dutiUgii 

njid  membrane  bone*  of,  146  : 

of  mniiimaUa,  401 — 40J 
yiuth.  placenta,  biBtology  of,  360 
Somatic  ataUi  of  chick,  19 — 41 ; 

□f  iiiiimmaU,  351 
;jom)vti>)ileuie  of  chick,  ig— j j : 

fonuntioQ  o(,  40 — 41.  68 
SiiommUisoa  of  chick,  113 
Spinal  nerves  :  of  ohick,  113;  da 


Staining  Teagenta,  418 — 431;  lut- 
matoiylia ,  4 19 :  borai  cfoiauie. 
430;  aamuue,  431;  pneio-car- 
mine,  431 ;  bIoio  oariiiiae,  431 

Stapea,  of  chink,  145 -.  maauuuliA, 

398.  404 
Steronm  of  Dbiok,  Jjj;   of  WMU- 


malia,  405 
Stomitoh  of  ohick. 

jhiofc. 


7J; 


Stria  msculuis,  mammalia,  jgj 
Subclavian  urteriea  of  cUick,    sgd 

— igS,  of  mammalia,  409 
Subolftvlaii  V*"   "   ~ '■" 


SulouB  of  Monro,  373 
luperioi  maxilla  of  ct 

mauUaty  pn>coBBca   1 

joi;    of  rabbit,  334 
Superior  cardinal  veina  of  cbick, 

118 
Supra-renal    bodiet 


of, 


.    of 
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373;  sides  of,  373;  roof  of,  374 

—376 
Third  nerve  of  ohick,  199 
Third  ventriole  of  mammalia,  372 
Throat  of  rabbit,  formation  of, 

331 
Thyroid   body,    of   chiok,    181 ; 

mammalia,  418 
Tibia  of  chick,  334 
Tongne  of  ohiok,  a 81 
TrabiBcolffi  of  chick,i36,  339 — 341 
Trachea  of  ohiok,  176, 177 ;  mam- 
malia, 418 
Tuber  cinereom,  373 
Torbinal  bones  of  chiok,  946 
Tympanic  cavity  of  chick,  166 ; 
membrane  of  chick,  166 ;  cavity 
of  mammalia,  397,  418;  mem- 
brane of  mammalia,  397 

U. 

Ulna,  of  chick,  934 

Umbilical,  arteries  {see  Allantoic); 
veins  {$ee  Allantoic  veins];  vesi- 
cle of  mammals  Uee  Toli-sao) ; 
stalk  of  chick  of  third  day,  113; 
oord,  351 

Uraohns,  351 

Ureter  of  chick,  119;  mammalia, 

Uretnra,  mammalia,  417 

Urinoj^enital  organs  of  mam- 
malia, 414 — 417;  sinos  of  mam- 
malia, 415—417 

Uteripe  crypts,  a^o 

Uterus,  mammalia,  ^15 

Utriculus  of  mammalia,  393 — 398 

Uvea  of  iris,  chick,  144 


V. 


Valve  of  Vieussens,  of  birds,  369 ; 

of  mammals,  ^70 
Vagina  mammaha,  415 
Vagus  nerve  {see  TenUi  nerve) 
Vaaa  eiferentia  and  recta  mam- 
malia, 414 
Vascular  system  of  chick,  914— 
930;  ofseoonddaj,  89 — 94,  loa 


— 106 ;  of  third  d^y,  167 — 170; 

mammalia,  406 — 413 
Vascular  fk^m^i  of  blf^tqderm  of 

c^kick,  17;  of  third  day,  no — 

113;  of  rabbit's  ovum,  fprma- 

tion  of,  396 
Vas  deferens :  of  cook,  194 ;  vatan- 

malia,  415 
Velum    medulliB    anterius    {see 

Valve  of  Vieussens) ;  posterins, 

370 
Vermiform  appendix,  mammalia, 

4>9 
Vena  cava,  inferior,  of  chick,  138, 

985—190;    mammalia,   409 — 

413 
VensB  cav«,  superior,  of  chick, 

986 — 990;  of  mammalia,  409 

—413 
VeniB  advehentes  of  chick,  997* 

987 — 989 ;  revehentes  of  chick, 

997,  987 — 989 
Vena  tenninalis  {see  Sinus  termi- 

nalis) 
Venous  system:  of  chick,  996— 

999,  983 — 390, 301— 303;  mam- 
malia, 409 — 413 
Ventricles   of  brain  of  chick  of 

second  day,  109 ;  of  mammals, 

117,  191 — 199;  of  chick,  999 
Ventricular  septum,  chick,   930, 

957 
VertebrflB  of  chick,  primary,  905 

— 9o8;  permanent,  905 — 9o8; 

bodies  of,  907 — 909 
Vertebral    arches,    osseous,     of 

chick,  907,  910;    mammalia, 

409 
Vertebral  artery  of  chick,  995 — 

998 

Vertebral  column,  of  chick,  905 — 
9o8  ;  membranous,  905 — 908 ; 
secondary  segmentation  of,  905 
— 908  ;  explanation  of  do.,  905 
— 9o6 ;  of  mammalia,  early  de- 
velopment, ossification  of,  400, 
401 

Vertebrate  animal,  general  struc- 
ture of,  39 

Vesicle  of  third  ventricle  {see 
Thidamenc^halon) 


Vt^-ls  of  placfDta,  j6o— 363 

V'lMibiilc,  chick.  isH 

Villi:  111  boman  ovum,  j^j;  of 
/iin;i  ia  do|;.  347;  of  Bunzonal 
uii'iiilitane  o[  rabbit.  347 ;  of 
I'liiirian  of  mammal,  349;  of 
plnci  iita,  360—363 

Vipiri-ml  mcLit^B,  145  ;  of  rabbit. 


I  clofts:  of  chick,  i6) — 
zHi;  clannro  of  do.,  [64; 
''bit,  334;   o[  mammalia. 


White  matter :  of  Bpinal  oord  of 
ohick,  15a ;  of  brain  of  nun- 
raalia,  386 — 387 

Wings  of  ohiok,  100 

Wolffian  body:  of  aUok.  190— 
igj;  of  THn.-mmH|ja,  414;  of 
chid  of  Beoond  day.  106 

Wolffian  dnct  of  chick,  190,  i(j; 
of  Becond  day.  94 — 55,  106;  o( 


111'  Juct  of  chick.  156, 333 
lu^miiialn.  3:0 

niDmbrane,  4;  of  lien' 


Yolk  of  hen'a  egg,  4—7 ;  arrange- 
ment of,  6;  itnicture  of,  g 

Yolk'fiac:  of  chick,  18 — 37,  177 

1S0;  of  mammaln,  117;  of 
maisnpials,  351;  of  rabbit.  51  j : 
of  bnman  ovnni.  355— 358;" ol 
aog,  3^8 
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